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PETSIOIoeT and PATEOIO&T of the STttPATKETIC 
SYSTEM OP lEETES. 



1, Prof, of Medicii 



Translated by A, NAPIER, M.D., Glasgow.* 



Part I.— Phtsiology. 

Cervical Sympathetic Nerve. I. Experime^Ual Ubservations 
on Anirrtalg with Results. A, Ocwla -pupillary Brcmches. — ■ 
The experimental investigation of the fuiictioas of the Cer- 
Tieal Sympathetic Nerve begins, aa is well known, with Pour- 
' fonr du Petit.t who, in the yeax ] 727, showed that it exercises 
considerable control over the movements of the pnpil. 

These facts were again discovered by Biffi,J in 1846; he 
fbnnd that division of the cervical sympathetic in rabbits and 
dogs resulted in contraction of the pupil, while irritation of the 
peripheral end of the divided nerve produced dilatation. W e 
know, further, that the pupil, contracted by division of the ayni- 
pathetic, is capable of being again shghtly dilated by means 
i of mydriatics, such as atropine (Budge,§ Valentin||). The 
' explanation of this observation, according to the general 
acceptation, is that in the course of the cervical sympathetic 
certain branches are given oif which supply the musculus 

* It stould be stated that it was for this Esaaj that the Aatley Coopar Prize 
for 1877 was originaliy awardod to Dra. Eulenbui'g and Guttmami— a deciaiou, 
however, which was aubseqaently oTerthrown on the teohoioal groand that the 
paper was the work of Uco aathora, aod not of one only — aa the terms of Sir A. 
Gooper^a will seem to require. Thia eesay having beon handed in in October, 
1B76, there are do referenuea to any papera ou the subject written since then. 
r .t "Mftmdel' Aoad. dea Soienoas," 1727, p. 1. 

% Intomo all' inflnenzB obe hanno soli' occhio i due nervi grande aimpatico e 
vago.— "Dise. Inaug." Paris, XtM6. 

1 BewegmigBD doa Iria. — " Bratmaohwoig," 1855. 

Veranch einer phyeiologischen Pathologic der Nerven, ii., p, 154. 



The SympaUietic System of Nervee, 

dilatator pnpillffi, and that irritation of these prodncee ntj- 
driaais, and paralysing them by division paralytic myosis. 

As regards the origin of these fibres, Hudge* first pointed 
out that they issue from the spinal cord, for the most part 
from the reg^ion extending from the point of exit of the sixth 
cervical to that of the second dorsal nerre, which region he 
accordingly named the centrum cilio-s^inaU inferius. 

In the same way also Claude Bernard placed what he 
called the " Centre oculo-pupillaire," at the level of the first 
and second dorsal vertebrse. 

On the other hand, Salkowskif has lately asserted that the 
Centrum Cilio-spinale must be situated above the atlas, as its 
excitability is not abolished in blood-poisoningby suffocation 
— (interruption of artificial respiration in rabbits poisoned 
with curare) — when the cervical portion of the spinal cord is 
cut through, even when the incision is made above the level 
of the atlas. 

Thus it is certain only that the zone of the spinal marrow, 
the wounding of which has an influence on the sympathetic 
pupillary branches, does not extend downwards below the 
level of the second dorsal vertebra ; but at the present time 
its upper boundary cannot be specified with certainty. Be- 
sides the alreadj-mentioned principal centrum, BudgeJ 
accepted a second, (centrwm cilio-ipinale iwperius,) situated 
higher in the spinal marrow, which was stated to be con- 
nected with the hypoglossus by a communicating filament. 

According to experiments just published by Brown-f^quard, 
to which we shall again refer — the accuracy of which, how- 
ever, we did not find confirmed to the full extent — we may 
assume that the sympathetic pupillary branches probably 
terminate on the suri^ace of the brain. 

The connection between the centrum cilio-spinale inferius 
and the sympathetic takes place, as Budge and Claude Ber- 
nard have shown, through the communicating branches of 
the anterior roots of the spinal nerves. Division of these 
acts on the pupil in the same way as section of the cervical 
sympathetic itself. 

Voisin § has stated that, besides the connection by 
means of the communicating branches, still another exists ; 

• L. 0. p. 108. ff . CoinpteB rotidne. T. iisvi 

t " DiBBert. Kiinigeberg,'' 1H67. " Ccutralblatt fnr die Med. WiaBenschaftcn," 
1867, No. 31- 
% L. o., p. 128. 
§ " Gbi. doB ETfip.," 18G3, No. 10. 
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EnLEHBDRG ond QoMMANH — triMis. hy Napibb. 

certain filaments of the emerging spinal nerves surround 
the vertebral artery, anastomose with the carotiil plexus 
in the cranium, and so reach the sympathetic root of 
the ciliary ganglion. That statement, however, is dis- 
proved by the following experiments performed by us ; — 
The cervical sympathetic of a rabbit was divided above 
the spot of entrance of the nerves of the iris rising from 
the centrum cilio-spinale inferius ; then, the edge of the 
transverse process, bounding externally the transverse fora- 
men, having been nipped off with small sharp forceps, the 
vertebral artery was exposed and isolated as high as possible 
towards the foramen magnum, and subjected to the powerful 
stimulation of an induced current. The pupils did not become 
in the least dilated ; the attempt was equally unsuceeasful 
when the sympathetic was not previously divided, and also in 
newly-killed animals, in which the oculo-motorius no longer 
responded to stimuli, whilst irritation of the sympathetic still 
produced dilatation. Further, no contraction occurred when 
we cut through the vertebral ajteriea, or divided vrith bone 
forceps the lateral walls of the bodies of the vertebra, to- 
gether with the contents of the transverse foramen down to 
the medullary canal Voisin'e assertion can therefore raise 
no claim to our consideration, especially also as it is quite 
unsupported by descriptive anatomy. 

Some authors (Griinhagen, Salbowski) still doubt the ex- 
istence of a proper pupil- dilating muscle (musculus dilatator 
iridis). Salkowski also holds that, by reason of the assumed 
perfect similarity of action of the pupil-dilating and of the 
vaso-motor brauehes (see below), these two classes of nerve- 
fibres must be considered identical, — that the oculo-pupiUary 
and vaso-motor filaments are one and the same. Never- 
theless, most authors believe that at least the higher 
mammalia possess the pupil-dilating muscle referred to, and 
accordingly also interpret the facte in the way hitherto 
adopted. 

Petit bad already observed, with contraction of the 
pupil after section of the sympathetic, a flattening of the 
cornea and a dragging of the eye inwards. In 1855 Eemak* 
noticed a raising of the upper eyelid on irritating the cervical 
sympathetic of animals ; and Wagnerf and MuUerf, on gal- 
vanising the cervical sympathetic of executed criminals, 



• "DeutBclie Klbife.," 1855, No. 27, p- 294. 

t " TerhaDdlDngen dar Wiinbnrger Phys. Ued. GeBellBchaf t," 1S60, B 

t IliicJeiii, p. 49. 
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The Sympathetic System of Nerves, 

observed that the eyes were slightly opened, Claude Bernard," 
however, was the first who called attention to the fact that 
contraction of the pupil after division of the sympathetic ia 
constantly accompanied hy other symptoms, namely — retrac- 
tion of the globe of the eye, flattening of the cornea, and 
decrease in size of the palpebral fissure. These same pheno- 
mena, characterised as "ph^nomenes oculo-pupillaires," he 
saw also after division of the anterior roots of the two first 
dorsal nerves, and after section of the spinal marrow at the 
level of the first and second dorsal vertehraB, that is in the 
region of the already- mentioned "centre oculo-pupiUaire." 
Irritation of the divided cervical sympathetic, or of the peri- 

^ pheral end of the divided anterior roots, gave the opposite 
results — prominence of the globe (exophthalmos), bulging 
of the cornea, and enlargement of the palpebral fissure. 
As regards the means by which these appearances are pro- 

/ duced, the eiopthalmoa following irritation of the sympathetic 
ia usually referred to the action of the smooth (unatriped) 
muscle of the eye (musculus orbitalis), discovered by H. 
Miiller,-!- and situated in the neighbourhood of the fissura 
orhitalis inferior. This muscle — which, though but slightly 
developed in man, is an important structure in ruminants— 
haa, as Miiller has shown, its nerve-aupply frora the sympa- 
thetic system, from the spheno-palatine ganglion ; it throws 
the globe of the eye forwards, and thus acts as the antago- 
nist of the musculna retractor, and, in man, also as the 
antagonist of the recti muscles, so that it certainly can have 
but little power to alter the position of the eye. Besides 
these, there are still other smooth, unstriped muscles, dis- 
covered by Miiller,^ in the upper and lower eyelids of men 
and the mammalia, which may take part in the enlargement 
of the palpebral fissure and in the protrusion of the globe ; 
and it may be inferred from the above experiments that they 
also have their nerve-supply from the sympathetic. I^nally, 

/ Bappey§ has described certain unstriped muscles as existing 
in the orbital aponeurosis, which co-operate in producing the 
exophthalmos on irritating the cervical sympathetic. 

Some writers aJao ascribe to the cervical sympathetic 

• "ComptuB KenduB," 1862, T. It., p. 382 S. 

t " Vcrbandloiigeii der WOraborger I'lijB. Med, GeaeDechftft," 1859. Bd. is., 
p. 76. (Sitzong Tom 30 October, 1858.) 

t " Verhandlungon der Wiirabiiiger, PhyB, Med. GeseOBchstt," 1859. Bd. 
ii., p. 244. 

§ " Silzung del Fariser Acad^mie dea Baenoea," Tom 21 October and IS 
Novembor, 1«67. 
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a tofdc {njtueTice on the voluntary muscles of the eye, and espe- 
cially several of the fore-mentioned oculo-pupillary phenomena 
have been connected with this tonic influence. The obaerva- 
tiou of Petit, that the eye ia drawn inwards after division 
of the cervical sympathetic, is ascribed by Romberg* to dis- 
turbance of function of the external rectus mnscle — a, 
muscle which has a double motor innervation (from the nervua 
abducens, and from the ascending branches of the uppermost 
cervical ganglion), and whose energy is therefore weakened 
when tlie tonic force proceeding from the sympathetic is lost. 

In the same way Bemakf referred the retraction of the 
upper eyelid in division, and the narrowing of the palpebral 
fissure in irritation, of the cervical sympathetic to an altera- 
tion in the action of the voluntary muscles (the levator pal- 
pebrae superioiia, retractor plica? semilunai'ia, and orbicularis 
palp.}, from which he inferred that they are under the control 
of a tonic power communicated through sympathetic fila- 
nn?nt8. t^chiff also held the same view regarding the oblique 
muscles, ascribing to them the exophthalmos occurring on 
peripheral irritation of the divided sympathetic, since, when 
they are cut tbrougb, no such protrusion of the globe takes 
place. Thus far, according to Schiff, the oblique muscles 
conduct themselves exactly like organic muscles, as, after 
cessation of the irritation, the globe of the eye returns slowly 
to its normal position. Reference will be made later to several 
other consequences ol injury of the sympathetic, such as dis- 
turbances of the circulation, of the intra-ocular pressure, of 
the accommodation, and of the nutrition of the eye {com- 
pare "the vasomotor branches of the eye" and "trophic 
branches.") 

B. Vasomotor Branches, — Although Petit mentioned among 
the results of division of the sympathetic a reddening of the 
eonjunctivte, the conclusive evidence on this subject originates 
with Claude Bernard. J Division of the cervical sympathetic 
produces, as he has shown, (in dogs, eats, rabbits and horses), 
a dilatation of the vessels of the head and neck on the side 
operated on, and a considerable elevation of temperature, 
which, measured in the ear, occasionally amounted to 4° to 6° 
Celsius, and lasted some time. According to Schiff the eleva- 

• " Lehrbnoh dor Nerren Krankhciten," 2" Anflage ii., 3 Ahthoilung, p. 75. 

+ " Dentscha Klinik," 1856, No. 27, p. 294 

t Barnard! " Couiptea Kendua," T. iiiT., p. 472; " Gax. Miy. de Paria," 
1852, pp, 7B and 26S j " BechorclieB Exp&TineiiteUufl but le Grand Syinpa- 
thique,"' Farie, 1854. 
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tion of temperature may reaeh 9° C. ; we, ourselves, some- 
tiinee observed differences of 1 1° C. in rabbits directly after 
division. On the other hand, electrical irritation of the peri- 
pteral end of the divided sympathetic causes the prsTiously 
dilated vessels of the head and neck to contract, and lowers 
the temperature even to below the normal point. Claude 
Bernard explained these appearances by paralysis or irrita- 
tion of the vasomotor nerves of the head distributed in the 
cervical sympathetic. The rise in the temperature after divi- 
sion is the result of an increased flow of blood to the piirt 
through the dilated vessels ; while the lowering of the tem- 
perature with irritation is the consequence of contraction of 
the vessels, and therefore of a diminished arterial blood- 
supply. 

The vasomotor nerves of the head, through the agency of 
which the vascular- thermic symptoms we are now discussing 
are produced, have their origin, according to Claude Bernard, 
in the spinal cord, but not from the same spot as the oculo- 
-, pupillary branches. Section of the anterior roots of the two 
^ first dorsal nerves gives rise, as we have seen above, to con- 
traction of the pupil, vritb flattening of the cornea, narrowing 
of the palpebral fissure, retraction of the globe, but no dila- 
tation of the vessels of the head, no elevation of the tem- 
perature of the head ; division of the ascending filaments of 
the thoracic sympathetic between the second and fourth ribs 
(in dogs), on the other hand, produces only dilatation of the 
vessels and elevation of the temperature of the same side,' 
whilst the oculo-pupillary phenomena do not appear. Bernard, 
therefore, came to the conclusion that the centra for the oculo- 
pupillary and the vascidar- thermic filaments of the cervical 
sympathetic are at difierent points in the spinal cord, and that 
the latter branches issue from it at the level of the third and 
fourth dorsal nerves by means of the communicating bi'anches. 
This, at least, fixes the lower boundary of that zone of the 
spinal marrow in which arise those vasomotor nerve-branches 
which afterwards pass over to the sympathetic nerves. How 
far upwards this zone continues is in the meantime as unde- 
cided as in the case of tbe oculo-pupillary branches. Tlie 
opinion formerly held by Budge, that the centre for the vaso- 
motor nerves of the head is situated at the level of the sixth 
and seventh dorsal vertebree, must be given up in consequence 
of the later researches of Salkowski and of Budge himself. 
Lately certain well-knovra investigations have placed it be- 
yond doubt that the vasomotor centrum for most parts (in- 
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eluding the head) is in tlie medalla oblongata; and, further, 
not only have Budge'a former experiments proved the influ- 
ence of the pedunculua cerebri on the vessels of the opposite 
half of the body, but by us also have been defined certain 
localizable vasomotor districts on the surface of the brain of 
dogs, in the upper part of the cortical substance of the 
cerebrum. Thus it is, a priori, not improbable that the 
vasomotor branches distributed in the sympathetic reach 
their ultimate end in certain spots on the surface of the 
cerebrum, and this conclusion seems to receive support from a 
number of observations, by lirown-Sequard and by ourselves, 
still to be mentioned. 

The question has lately risen whether the vasomotor nerves, 
distributed in the cervical sympathetic, are not, wholly or 
partly, of a vaso-dilator character. Especially Goltz,* by his 
researches on the sciatic uerve and lumbar part of the spinal 
marrow of dogs, has shown that the whole series of pheno- 
mena which have hitherto passed for the eEFects of paralysis, 
for conditions consequent on a paralysis of vesael-contracling 
nerves, are produced by a persistent irritation of vessel- 
dilating nerves. It is obvious that it will completely revolu- 
tionize our conception of the functions of these nerves if we 
regard them as actively-dilating, or, as some authors do, as 
regulating inhibitory nerves of vessel-contraction — analogues 
of the inhibitory nerves of the heart. Goltz's results force us 
to the coneluaion that the great peripheral roots, such as the 
sciatic, by preference or exclusively include such vessel-dilat- 
ing nerves, and that the corresponding spinal centres really 
represent centres of vessel-dilatation, not of veasel-contrac- 
tiou. Nevertheless there may be ganglionic centres for 
vessel- contraction placed in the periphery, in the walls of the 
vessels themselves, or in their immediate neighbom-bood ; 
these may be subject to the influence of the dilating or 
inhibitory nerves, and may send off excito-motor nerves to the 
bloodvessels, This latter view seems to find conflrmation in 
the experiments of Putzeys and Tarchanotf,t performed under 
the direction of Goltz, and also from those of HuizingaJ on 
the web of the frog's foot. Those authors, accepting the 
tht'ory that the vasomotor nerves convey chiefly vaso-dilator 
impulses, believe themselves also justified in assuming the 

• Ueber Ge^aaorweitemde Nerven. PBuger's " AroMv. der GeBammten Pay. 
BUlogie," Bd. ii., p. 174. 
+ " Centralblatt fur die Med. Wiaaanecli.," 187*, No. 11. 
i Pflflger'a " ArohiT. der GeBauimteQ Phjaiologie," 1875, li., p. 307, 
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I longitudinal muaele-ceUs of the walls of the vessels as the 
meaDs through which these nerves act, thongh they have 
been demonstrated with certainty in only a few, that is, in 
lai^e arteries. 

Here we can touch on this important matter but cursorily, 
as far only as it stands in immediate relation to our subject. 
It is true that these investigations, and the eonclusioiiB 
drawn from them by Goltz, referred originally to the vaso- 
motor nerves distributed in th§ seiatie, or to those of the 
binder part of the body in mammalia ; but they strongly 
suggested a transferring of the argument to the cervical 
sympathetic, and such a transference has already been at- 
tempted by Goltz in a very positive way. The above-men- 
tioned fundamental experiment of Bernard, which showed 
that division of the sympathetic causes dilatation of the 
vessels of the head, and elevation of the temperature on the 
injured side, should, according to Goltz, be thus explained 
— that by means of the incision the vessel-dilating nerves 
are brought into a state of persistent irritation ! He ex- 
plained in the same way the unilateral increase of perspi- 
ration following division of the sympathetic in hoi'ses, and 
the persistent increase of the secretion of the submaxillary 
gland following section of the cord. Latterly, also, Claude 
Bernard and Brown-Sequard have been inclined, at least 
partly, to a similar opinion ; the former, inasmuch as he 
admitted the existence of vaso-dilator along with vaso- 
constrictor fibres ; the latter, as he accepts the appearances 
following division of the sympathetic, usually regarded as 
paralytic indications, as the results of irritation. 

Such being the state of this question, we regarded it as 
our duty to repeat the fundamental experiments on the 
cervical sympathetic, with special reference to the subject in 
dispute, and in such a way as to ensure complete clearness 
and certainty. When we examine the older, and often very 
shortly described, experiments, it is found that, as a rule, too 
little importance is attached to the determining of the time 
of the occurrence of the vascular-thermic and other pheno- 
mena following irritation or division ; thus doubts may arise 
whether, in such a case as lowering of the temperature 
following irritation of the sympathetic, one has to do with 
primary phenomena, or rather with secondary phenomena 
brought on by exhaustion of the irritated nerve. It is clear 
that if we regard the increase of temperature after section of 
the sympathetic as the consequence of a persistent irritation, 
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we should also look for at least a primary raising of the 
temperature when a divided uerve is stimulated by electricity, 
not for a lowering of the temperatui*e. Thus, although 
G-oltz at first observed regarding the sciatic that, in opposi- 
tion to the general opinion, irritation lowers the temperature 
of the corresponding foot, Putzeys and Tarchauoff soon 
afterwards stated that this is preceded by a short initial rise 
in the temperature. The ordinary method of thermometric 
observation is, in general, not delicate enough to enable ua 
to settle these questions with precision, because the rising 
and falling of the quicksilver are much too slow to follow 
vrith sufficient certainty a rather rapid change in the tem- 
perature of the tissues. We have, therefore, both in our 
experiments on the sci»tic (on which we will not enter here, 
but concerning which we will only state that they proved 
entirely opposed to those of Goltz, and in favour of the usual, 
older view), and in our investigations on the cervical sympa- 
thetic abandoned the ordinary thermometer, having used 
exclusively a thermo-electric apparatus — a method of observa- 
tion much more difficult of application, but one which gives 
more reliable results. 

Okiginal Expeeiments, — Ubn£Bal Plan. 

Only rabbits were used in the experiments on irritation 
and division of the cervical sympathetic, as dogs appear to 
be badly adapted for that ptirpose from the proximity of the 
vaguB and sympathetic in the neck ; besides, the vascular 
and thin ear ot rabbits ia a very favourable part for the 
observation of temperature, and we know that its blood- 
vessels have their innervation from the cervical part of the 
sympathetic. 

In determining the temperature of the ear we used the 
electro-galvanometer constructed by (i. Meissner and Meyer- 
st-ein, a detailed description of which cannot be given here,* 
The superiority of this instrument is the result not only 
of its great senwihility, by means of which even very small 
differences of temperature are shown with certainty, but also 
of the rapidity with which adjustment takes place. This 
circumstance enables us to follow even rapid changes of 
temperature in the tissues with confidence, and to repeat 
the observations within very short intervals, generally every 
five seconds. 

* See " ZoiCBohrift fiir Batiuuelle Mddioiii," Bd. xi. 
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As thermo-electric elements we placed in the circle two of 
Dutrocbet's* needlee, which consist of iron and German 
eilver soldered together lengthways as far as the point, 
according to Poggendorf's proposal. At the upper end of 
the needles the metals are separated, to admit of being con- 
rected, bj means of binding screws, with the thick copper 
wire of the circuit. The needles are covered with a brown 
varnish, in order that the assumed currents of heat shall not 
be disturbed by other cun-ents arising from wetting of the 
dissimilar metals by the fluids of the tissues. 

In using the galvanometer we must in the first place 
ascertain what difference on the scale corresponds to a 
known difference of temperature in the needle -elements — for 
instance 1°C. We connected a sensitive thertnotneter with 
each of the thermo-needles, placed them in dry test-tubes 
closed above by wadding stoppers, and put them in water 
baths of different degrees of heat. The two thermometers 
then recorded the difference of temperature which simul- 
taneously existed in the two thermo-needles. The scale being 
now examined, the difference in the expressions found corre- 
sponded to the difference of temperature inside the two test- 
tubes. Thus we find that one degree Celsius in the elements 
=^ IS'8 mmtr. on the scale ; or that 1 mmtr, on the scale =' 
O-OTSS^C. We must further notice in what direction the 
scale is altered when the one or the other element is heated. 
As a test it is sufficient to bring the hand near one of the 
two needles, when a deviation in a certain direction imme- 
diately follows. 

The animal being laid on its back, made fast at the feet 
with nooses, and at the head by means of Czermak's appa- 
ratus for fixing the head, the sympathetic nerve in the neck 
is laid bare and isolated by means of a glass rod pushed 
under it. Two platinum wires serve as electrodes. The 
vivisection -board is set obliquely on a stand, the ears hang- 
ing downwards through an opening in the board. The one 
element is to be tbnist longitudinally through the ears of 
the side imder examination, and supported by a cramp-iron 
applied to the tip of the ear; the other element, fixed by a 
suj.'porter, is exposed to a constant heat, the point being 
kept at a stated distance from the steady flame of a petro- 
leum lamp. This element must be brought so near the flame 
that the latter imparts to it the same amount of heat as the 



* See "Phjaique MiSdioale," PariH, 1855, p 
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ear to the other element. This is the case when, on com- 
pleting the circuit, the index of the scale showa no change, 
but remains stationary (deducting small oscillations pre- 
sumed to be caused by the periodic, regular movements in 
the vessels). The irritation of the nerve was accomplished 
by means of a secondary current from one of Da Boia 
ReymoDd's induction apparatuses. 

Oor *esperiment3 prove that on irritation in the continuity 
of the sympathetic and of its peripheral cut end there is an 
immediate faU in the temperature, which goes on for some 
time after the discontinuoMce of the irritation (20-35 seconds), 
and is followed hy a gradual rise; it does not, however, 
reach its original point. The masimnm fall amounted to 
2'6''C. — on faradisation of the same nerve, repeated after a 
short interval, l'l°U. more. 

We found exactly the same results, which can only be 
shortly noticed here, on examination of the sciatic nerve of 
the dog and rabbit. All these experiments apeak in a deci- 
sive manner against the doctrine of the existence of vessel- 
dilating nerves in the trunk of the cervical sympathetic or of 
the sciatic nerves, as both irritation in the continuity and of 
the peripheral end, after division, always resulted in a 
primary lowering of temperature, of varying intensity and 
duration. Further, these experiments afeo stow th^it the 
appearances occurring after the division cannot be ascribed 
to a persistent irritation caused by the incision ; the irritation 
produced by the section is unimportant, inconstant, and very 
transitory, manifesting itself in the primary lowering of 
temperature, whilst the long-laating and considerable rise in 
temperature is plainly the consequence of paralysis. 

In order to establish m,ore exactly the duration of the rise 
of temperature, after division of the sympathetic n&rve, ami 
the cb'cumstanees having an influence thereon, special 
experiments were instituted in which, as the settlement of 
the point in question involved repeated comparative observa- 
tions on both sides of the head, the thermo-electric method 
of estimating temperature had to be replaced by the ordinary 
thermometric method. 

The earlier experimenters appear to have given but very 
slight attention to this point, and their conclusions regarding 
it are both vague and contradictory. Claude Bernard states 
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I that the difference between the two ears ia maintained for 
weeka, or even for an indefinite period. Schiff, on the other 
hand, observes that it is only when the animals operated 
npon (dogs, cats, and rabbits) are kept quietly in stalls that 
the increase of temperature {5-9°C.) and dilatation of the 
vessels are maintained in the ear experimented upon ; if the 
animals are allowed to mn about in the open air, and the 
ears examined when they return heated from their play, 
breathing quickly, and with the general temperature 
elevated, the previously warmer ear of the injured side 
is found to be 1-5°C colder than the other, and its vessels 
less full. When the animal has rested some time, the 
former relations of temperature return. The experiments 
with this eud in view, made by qs on rabbits, were also 
at the same time directed to some other points ; they 
proved, in general, that the rise in the temperature of 
the ear after extirpation of the sympathetic nerve, even 
when the animals are kept enclosed and at rest, is not 
maintained indefinitely. Bather the difference between 
the two ears, which might at first amount even to 11° or 
12°C., became gradually less. In some cases there was not 
only equality eetabhshed, but the temperature on the side 
operated on even sank somewhat below that of the other 
side, and maintained itself for some time, with certainly not 
unimportant fluctuations, in thi^ relative position. In one 
rabbit the flushed and hot condition was passing off only on 
the eighth day — in another on the second, and more clearly 
on the following days. Thus the points that presented 
themselves most prominently for observation were certain 
relatively small differences between the two sides. If the 
animals were strongly irritated — as by keeping the mouth 
and nose closed till dyspnoaal mnscnlar contractions were 
brought on, or if, by other means, strong movements were 
produced — not only the temperature on both sides rose, but, 
hy a further rise in the t&nvperaiwre of the ear operated on, 
the difference between, ths two sides was generally increased, 
rarely somewhat diminished; in ilie same way, when occa- 
sionally the temperature was already high on the side not 
operated on, the existvng differeri/ce was usually a liitle in- 
creased by the irritation, rarely influenced in the opposite way. 
Analogous results were obtained by ua in a series (if ex- 
periments on rabbits, in which the cervical sympathetic of 
one side was extirpated, and the carotid artery of the other 
side ligatured. Here, also, the temperature on the side on 
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which the sjmpathetie ivas injured was at first appreciably 
elevated ; the difference became gradually less, and eventually 
the temperatm-e on the other aide came to be slightly the 
higher of the two {by O'l" — 0'3°C., on the average)— a change 
which WHB noticeable from the sixteenth day. 

Extirpation of the sympathetic nerve and ligature of the 
carotid artery were peri'ormed on the same (right) side of a 
rabbit. In this case the equalising of temperature followed 
nnusually quickly, occurring in a few hours ; irritating the 
animal generally raised the temperature on the uninjured Bide. 

In another rabbit extirpation of the sympathetic and 
ligature of the carotid were performed on the right sidCj 
while on the left the carotid only was tied. Here, too, the 
striking result was seen, that from the very beginning, 
immediately alter the operation, the temperature of the ear 
on that side on which there had been division of the sympa- 
thetic nerve was, and remained, the lower; the difference 
was at first but small, but gradually increased, and was most 
observable when the animal was disturbed. 

In connection with this last experiment, it may further be 
remarked that ligature of the carotid on one side produces, 
aa we have convinced ourselves, a slight lowering of the 
temperature of the side operated on, amounting on an 
average to 0- 3° — 0*9''C. The fact, therefore, that the tempera- 
ture of the side on which only the carotid is tied constantly 
remains higher than that on the aide on which the double 
operation is performed, justifies the conclusion that simultane- 
ous extirpation of the sympathetic prevents the speedy develop- 
ment of the collateral circulation after ligature of the carotid. 

With regard to the duration of the oculo -pupillary symp- 
toms, we observed, in a dog in which the united trunks of the 
vagus and the sympathetic were divided on the left side of 
the neck, an appreciable contraction of the left pupil four 
and a half months after the operation. 

We may now mention some of the latest and most accu- 
rate observations on the cerebral centra of the cervical sympa- 
thetic nerve, as far as they refer to the oculo- pupillary and 
vasomotor fibres, 

Whilst we were engaged in investigations both on thia 
subject and concerning other vasomotor cerebi-al centra, 
Brown- S^quard* published some experiments on rabbits and 

• Production lies eflclB de la paraljeie do oerf gmnd flympalliiqne cervical 
parrexcitationdelaanrfBcedn coryeaa: '' Arohiv. do PhjB," 2 8er., T. ii.,Mo. 6; 
Oct till Deer, 1875, pngo 85t. 
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do^, according to which irritation of the surface of the brain 
produced the appearances of paralysis of the sympathetic of 
the same side. In the first place it is to be observed that he 
effected the snpposed " excitation " by scorching the snrface 
of the brain with a hot wire ; he regards this proceeding as 
a thermic irritation of the surface of the brain, whereas it 
plainly acts as a destructive and paralysing agent, at least on 
the parts of the brwin surface most immediately concerned, 
as we have proved in a large number of experiments, both on 
the motor regions of the snrface of the cerebrum of dogs 
and on the vasomotor centra of the extremities — the exist- 
ence of which centra was also demonstrated by ns, rurther, 
some of Brown-Sequard's stated results are very indefinite 
and variable, and some of them veiy questionable, at least in 
their explanation. He states that, in his experiments, 
among the appearances that may be regarded as correspond- 
ing to those of division of the sympathetic he observed only 
(Mie that was constant, the narrowing of the palpebral fisgnre, 
and that only when the injury was done to the right side ; 
on the left side the effects of the bnrning, as he adds in a 
note, took a very different form. The other oeulo-pupillary 
and vasomotor phenomena (contraction of the pupil, injec- 
tion of the conjunctiva, elevation of the temperature of the 
ear) were more inconstant and less marked than after division 
of the sympathetic. As regards specially the unilateral 
elevation of temperature, Brown-S^qnard merely remarks 
that generally the ear on the side operated on is somewhat 
warmer; the only experiment-s recorded by him prove 
differences of only 0'1° and 0,2°C., on which no great value 
can be set, at least compared with the important results of 
division of the sympathetic. Irritation of the middle lobe 
of the brain produces the appearances most intensely, and 
more so when siimulated in its median ihan in its lateral 
parts ; the posterior lobe responds more feebly, and the 
anterior most feebly of all. 

But these phenomena are also sometimes seen, temporarily, 
in lesions of the scalp, the pericranium, and the meninges ; 
and from that Brown-Sequard infers that he has to do with a. 
reflex action caused by irritation of the sensitive terminations 
of the trigeminus distributed in the investing etrnctures of 
the brain. Although OTor attitude vrith regard to this 
question has always been quite different to that of Brown- 
Sequard — since, after the discovery of vasomotor centres in 
the cortical substance for the extremities of the opposite 
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aide, we also assumed that there shoiild be analogous local 
centres, in theneiyhbonrhoodof those just mentioned, for the 
vasomotor nerves of the head distribnted with the cervical 
sympathetic — we thought Brown -S^quard's atatement-a 
ahonld, in the first pla.ce, undergo a rigid examination. We 
found, however, that their exactness was confirmed to only a 
very slight extent. It must first be denied tliat the burning, 
r (as Brown- S6quard expresses himself) the " thermic excita- 
tion," of the surface of the brain is uniformly followed by a 
contraction of the palpebral fissure on the injured side. One 
is liable to err in this matter, as the contraction of the skin 
following a wound in the neighbourhood of the orbit may 
easily be taken for a slight narrowing of the palpebral 
fissure. A constant dragging forward of the palpebra tertia 
in rabbits was seldom noticed by us. In certain cases, on 
the other hand, we observed, especially after burning in the 
region of the middle (parietal) part of the almost nnconvo- 
luted convex surface of the brain in rabbits, an inequality 
of the pupils and of the palpebral fissure, and even in 
the prominence of the globe of the eye on both aides. 
After such thermic excitation, sometimes immediately, 
and sometimes a few hours later, the right pupil appeared 
decidedly more contracted (though still responding to 
light), the palpebral fissure smaller, and the globe of the 
eye leas prominent than on the left — the uninjured — side. 
These phenomena certainly admit of a double explanation, 
especially as they appeared in only a very slight degree ; the 
cause of the unsymmetrical action might as justly be 
assumed to be an irritation of the unwounded side as a 
paralysis of the injured side. 

In dogs, notwithstanding our exceedingly numerous ex- 
periments, we have not observed similar appearances ; 
neither the disturbance of larger parts of the brain-surface 
by heat, nor the electric or chemical irritation of the same, 
was followed by decided oculo-pupillary phenomena on the 
same or the opposite side. As regards the cerebral centrum 
of the vasomotor fibres of the sympathetic, we have not yet 
arrived at decided results, notwithstanding the large number 
of our experiments on rabbits and dogs. The easily- 
performed experiments on rabbits shoived, in partial, uni- 
lateral disturbance of the surface of the cerebrum by an iron 
at a red heat, either no difference, or such a small and 
variable difference, in the temperature of the ears, that no 
positive demonstrative vahie can be attached to them. On 
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the whole, we noticed, contrary to Brown- Sequard's observa- 
tions, much more frequently an elevation of the temperature 
of the ear on the uninjured side; this amounted sometimes 
to 0'7°C., and in one case it rose, four hours after the opera- 
tion, to 1'7°C It is also noteworthy that in the rabbits 
operated on for this purpose, after irritation of large parts 
of the surface of the brain, rotatory movements usually 
occurred towards the side opposite to that injured. 

We will not here refer further to the probable causes of 
these phenomena, but will only remark that they obviously 
do not arise from affection of the basilar part of the brain 
(the pons, pedunculus cerebri, &c), since, as was proved by 
autopsy, the thermic irritation reached only to a depth of 
1 — 1*5 mmr. In electric irritation of the exposed brain- 
surface of the rabbitj and especially in the lateral part of the 
posterior half of the brain external to the sulcus which runs 
parallel and near to the superior longitudinal fissure, we 
obtained, in four experiments, a slight but decided and almost 
instantaneous fall in the temperature of the opposite ear, 
amounting to 0-2 — 0'4°C ; on the irritated side itself there was 
either a slight lowering of temperature (O'l — 0'16°C.) or no 
change. After the irritation was ended, the temperature 
rose again quickly to its former level, so that both sides were 
equal Although the constancy of this result certainly 
astonished us, we would not, on account of the smaUness of 
the differences, attribute to them very great importance. 

The experiments on dogs gave a really negative result. 
Disturbance, or electrical or chemical irritation, of those 
parts of the cortical substance {especially of the parts of the 
gyrus post-frontalis lying behind the sulcus cruciatus) which, 
according to our showing, influence the temperature of the 
extremities of the opposite side, and disturbance or irritation 
of those other superficial portions of the cortical brain- 
substance lying more anteriorly, posteriorly, or externally, 
leaves the tem-perature of the eair on holh sides equal, or at least 
nearly unchanged. 



Vasomotor BEiifCHES of Special Obqans. 

1, Vasomotor Branches of the Eye. — Intraoctdar Pressure. — 
The experimental investigation of the functions of the vaso- 
motor nerves of the eye which proceed from the cervical 
stympathetic, and of their influence on intraocular pressure 
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r{whicli ia of special importance in the pathogeny of glaacoraa 
simplex), cannot yet be said to be complete, the results 
hitherto obtained being unfortunately so me what contradictory. 
That the conjunctival vessels, at least in part, had their ^^^^ 
nerve-supply from the sympathetic, was known long ago to "^ 
both Ponribur du Petit and Claude Bernard, who affirmed 
that division of the cervical sympathetic excited congestion 
of the conjunctiva. As regards the vessels of the interior of 
the eye, Wegner* first found (in rabbits) that division of the 
sympathetic caused dilatation of the vessels of the iris on the 
same side, while irritation of its peripheral end was followed 
by contraction. Division of the trigeminus, indeed, also 
produced dilatation of the vessels of the iria, but, as Wegner 
holds, only because the branches coming from the sympa- 
thetic, which lie on the inner side of the trigeminus within 
I the cranium, were cut at the same time. The choroidal 
and retinal vessels also, as ophthalmoscopic investigation 
shows, are influenced by the sympathetic in the same way. 
Division of the sympathetic is attended first hy a gradual dimi- 
nution of the intraocular presswe, amounting to 4 — 8 mmtr. 
(measured by the manometer in the anterior chamber of the 
eye), which Wegner ia disposed to ascribe to dilatation and 
paralysis of the bloodvessels, fn two out of four experi- 
ments irritation of the sympathetic produced a slight increase 
of tension which soon passed off again. 
Adamitcbt observed, after dividing the sympathetic of cats 
under chloroform, a diminution of the intraocular pressure of 
1 — 2 mmtr. ; this was sometimes persistent, sometimes followed 
by a secondary increase of tension. Irritation of the cranial 
end of the divided sympathetic was always followed by a 
slow increase of tension of 2 — 4 mmtr. ; after remaining some 
time at this level it began to sink, the decrease continuing 
after cessation of the irritation, and gradually came back 
to the normal point. The lowering of the pressure ap- 
pears at the same time as the dilatation of the pupil and 
the protrusion of the eyeball, and is brought on by diminu- 
tion in the blood-supply, as in ligature of the carotid. The 
preliminary increase of tension probably has its origin, 
according to Adamiick, in the accommodation apparatus, at 
least the experiments on eyes under the influence of atropine 
Bpeak for that view. If the ciliary muscle of cats be, as far 

* *' Archiv. fiir Optthalmologie," lii,, 3, pag- Ij 1866. 

t " CentTBlblfttt fiir die Mfd. Wieaeuaoh.," 1806, pag. 561 ; 1867, pag. 433. 
" Annalea il'Oouli«tique," Iviii,, p. 5. 
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as possible, paralysed by atropine, the pressure within the eye 
nnder the influence of atropine is 2 mintr. less than in the 
other : thus, division of the sympathetic results, not in dimi- 
nution, but in immediate increase, of the intraocular presBure; 
while irritation of the cranial end is followed by decrease, 
not by increase. 

Irritation of the cervical sympathetic sets two apparatuses 
in action, which, in relation to the intraocular pressure, so 
oppose each other, that, according as the energy of the one or 
of the other preponderates, increase or diminution of the 
pressure follows. The one apparatus, the vasomotor, lessens 
the pressure ; the second, situated apparently in the internal 
muscles of the eye (in the accommodation apparatus), aug- 
ments the pressure. 

Griinhagen* confirmed part of Adamftck's conclusions, but 
nevertheless endeavoured to explain the primary increase of 
tension in irritation of the sympathetic by the action of the 
external muscles of the eye, especially by that of the orbital 
muscle of Miiller. In opposition to this idea, Adamiiet holds 
that the cause of the increase of tension can be found only in 
the contraction of the internal muscular fibres of the eye, 
especially of Muller's muscles of the choroid, or perhaps of a 
part of the ciliary muscle. These muscles, probably having 
their nerve-supply from the sympathetic, are said to draw 
forward the lens, and thereby to increase the tension in the 
anterior chamber. Those filaments of the sympathetic whose 
action is to increase the pressure, do not, according to Ada- 
miiet, pass through the ganglion ciliare, and in the orbit also 
they do not lie close to the pupil-dilating fibres, but rather 
to those of the optic nerve. 

Hippel and Griinhagen have come to the conclusion that 
while those nerve-fibres through which the iris may be made 
to contract enter the cervical sympathetic about the middle 
part of its course, most of the vessel- contracting branches 
of the eye join it at the level of the ganglion cervicale supre- 
mum. Thus, when the middle part of the cervical sympa- 
thetic is stimulated the majority of the vessels of the eye 
remain unafl'ected. The increase of the intraocular pressure, 
which occurs simultaneously (in cats azid dogs), depends, 
according to Hippel and Griinhagen, on contraction of the 
nnstriated muscles of the orbit, which compress the globe 
of the eye and hinder the return of the venous blood. On 
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the other hand, irritation of the ganglion supremum alone 
produces alwaja a decrease of the intraocular pressure in cats 
and rabbits — whilst extirpation of this ganglion is fallowed 
by an increase, Hippetand Griinhagen further ascribe to the 
trigeminus an influence on the intraocular preaaure, inas- 
much as they believe that in it vessel-dilating nerves of the 
eye are distributed. 

The influence of the ganglion supremum was also thus far 
confirmed by Sinitzin,* that he, after extu'pation of this gan- 
glion, always observed injection of the vessels of the fundus 
ocuU on the aide operated on. On ophthalmoscopic examina- 
tion it was found that the choroidal vessels had increased in 
volume, their anastomoses were more distinct, and the whole 
fundus of the eye appeared decidedly redder than on the 
other aide. The temperature of the eye was also raised ; in 
the conjnctival sac, and under the capsule of Tenon, the differ- 
ence amounted to 0-9 to 2'4° C. in favour of the eye oper- 
ated on. 

2. Vasomotor Branches of the Brain and of its Membranes. 
Intracranial Presswe. — The exact relations of the cervical 
sympathetic to the innervation of the cerebral vessels, and its 
iufluence on the intercranial pressure, have not yet been made 
out with any degree of certainty. 

Descriptive anatomy teaches that the numerous nerves 
found in the pia mater, which follow the vessels in a plexi- 
form arrangement and enter partly with them into the cor- 
tical substance, rise, at least partially, in the sympathetic 
plexus vertebralis, while others certainly come from the 
efferent cranial nerves, especially the trigeminus. That the 
sympathetic exercises some control over the cranial veasela is 
thus at least not improbable. Dondera and Callenfelst 
noticed contraction of the cranial vessels on irritating the 
cervical sympathetic. Nothnagel, J also,was convinced, through 
several of hia division experiments, that the cervical sympa- 
thetic, and especially the gaugUon supremum, have a share in 
tlie innervation of the vessels of the pia mater. Powerful 
electrical irritation of the nerves of sensation of the skin 
produced, in rabbits, a reflex contraction of the arteries of the 
pia mater ; the same occurred also after division of the sym- 
pathetic between the superior and middle cervical ganglia, 
and leas markedly after extirpation of the superior ganglion, 

• "Centralblatt furdiBMed., Wiaaench.," 1871,Nq.11. 
t " MeiHHiier'H JfJureabericht," 1856, p. 348. 
J " VirchoVs Arcliiv.," Bd. 40, p. 203, 



^ 



20 The SyTtvpathetic System of Nerves, 

being then diacemible only by meana of a magnifying glass. 
Other investigators (Sehultz,* Eiegel and Jollyf), have never- 
theless either quite denied, or at least admitted only in a 
very moditied way, that the sympathetic exercises such a 
function. Eiegel and Jolly found, in division and extirpa- 
tion experiments, that neither the trunk of the cervical 
sympathetic nor the ganglion supremuni can bo said always 
to include vasomotor branches for the vessels of the pia mater. 

Lately FischerJ has submitted the action of the sympa^ 
thetic on the blood-pressure in the arteries of the head, and 
on the circulation in the brain and its membranes, to an 
experimental examination. The cerrical sympathetic was 
irritated sometimes by means of the induced current, some- 
times by the constant current. Experiments on horses, 
with Ludwig's h^mato-dynamometer, showed, with faradi- 
sation, a pretty regularly occurring increase of pressure in the 
arteria maxillaris externa, together with increased tension of 
the arterial walls ; irritation with the constant current gave 
no obvious result. The investigations on the subject of the 
influence of the cervical sympathetic on the intracranial pres- 
sure were carried on in cats, the brain -pressure being taken 
with the kymographion, through anopening in the dura mater, 
Faradic irritation of the isolated sympathetic increased the 
brain-pressure in five cases out of eight ; in three cases there 
was a trifling decrease ; the constant current produced either 
BO result, or a very trifling increase of pressure when the 
circuit was closed. The simultaneous faradisation of both 
sympathetic nerves was followed, in four experiments, by a 
preliminary quick increase of bi-ain -pressure, succeeded by a 
decrease when the irritation was continued ; in all four cases 
convulsions occurred, in the form of clonic extensor-spasms 
and opisthotonos, which were never observed in unilateral 
irritation, and which were probably caused by the decrease 
or cutting off of the arterial blood-supply to £he brain. 

3. Vaaomotor Branches of the Ear, — The vessels of the cavity 
ofthe tympanum become dilated, as Pruasak§ has proved, after 
division of the cervical sympathetic of the same side. The in- 
ference is thus easy, that the variations in the intra-auricular 
pressure (pressure within the labyrinth} are caused by much 
the same conditions as those of the intraocular pressure. 
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TropJiic Branches. — It is exceedingly probable that the 
cervical synjpatLetic, in many ways, exerts an influence on 
the glandular eecretiona and the nutrition of the head. 
Whether this proceeds, entirely or partly, from vasomotor 
fibres, or whether it is to be regarded aa quite independent 
of these, and as the function of special secretory or 
trophic nerve-fibres, cannot yet be decided with certainty by 
means of the facts before us. We will, therefore, only shortly 
notice the moat important observations having a bearing on 
the point. 

1, Salivary GlawU (Glandula submaxillar is, sublingualis, 
parotia). — In the course of the aympatheticthe glands just 
named receive nerves, irritation of which provokes a secre- 
tion, scanty, but rich in its specific elements, and tlierefore 
tenacious and often gelatinous. 

Since irritation of the sympathetic nerves, as Claude Ber- 
nard* first observed, excites contraction of the vessels of the 
giands, retards the circulation throu^-h them, and gives a 
darker appearance to the venous blood, it might seem most rea- 
sonable to unite tlie vasomotor with the secretion -controlling 
ftinetion, and to trace back the latter to changes in the filtra- 
tion-presaure in the glandular capillaries, and to the more or 
less abundant supply of oxygen. Various physiological facts, 
however, appear to be antagonistic to this view : the secretion 
caused by irritating the nerves can be produced in glands 
through which there ia absolutely no circulation ; and when 
the discharge of the secretion occasioned by nerve-irritation 
is artificially impeded the pressure in the excretory duct of 
the gland may be greater than that in the supplying arteries 
(Ludwig). The theory that there are special secretory 
branches for the salivary glands is further supported by 
Pfliiger's discovery that certain nerve-fibres terminate directly 
in the cells of the glands. This refers both to the glandidar 
nerves distributed in the sympathetic, and to those in the 
facial and trigeminus nerves 5 <id irritation of the latter, as 
is well-known, a specifically different, copious, and thin secre- 
tion is poured out. In paralysis of the sympathetic branches 
by curare, and after extirpation of the ganglion submaxillare, 
there occurs, as Bemsrd has shown, a continuous (paralytic) 
secretion, which may be increased by irritation of the organs 
of taste, but which, on the occurrence of structural alteration 
of the gland, speedily abates. It has been inferred therefrom 
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(Bernard) that the chorda tjmpani includes certain filaments 
whose function is to preside over secretion in the salivary 
glands. It has been proved also by Heideiihain that stimula- 
tion of the nervesof secretion, especially of those cerebro-spinal 
glandular nerves which excite a very fluid secretion, leads to 
a change of the protoplasmic cells into mucus-cells (by mucus- 
metamorphosis of the cell contents), and to further division 
of the newly-formed cells ; facts which favour the view that 
there are special nerves of secretion. 

2. Nasal Mucoids Membrane. — Whether the secretion of the 
uasal mucous membrane is influenced by the sympathetic 
nerve, is still doubtful. Prevost,* by electrical irritation of 
the ganglion nasale, produced a congested state of the mem- 
brane ; stimulation of the divided sympathetic, however, had 
not the same result, Vuljiiaujf also, found that irritation of 
the spheno-palatine ganglion was followed by increased secre- 
tion on the corresponding side of the nose. 

3. Lachrymal Gland, — Concerning the influence of the 
sympathetic on the secretion of tears, HerzensteinJ and 
Wolferz,§ after carefully watching the efl'ects of irritation, 
could formulate no definite conclusion ; nevertheless, the 
greater number of Wolferz's experiments would seem to indi- 
cate that the sympathetic does exercise some control over the 
secretion — a theory with which Demtschenko'sH results agree. 

The principal nerves of secretion of this gland are derived, 
however, from the trigeminus, in the N. lacrj-malis and N. 
subeutaneua malie. 

4. Nutrition of the Eye. — Valentin,Tr Eeid,** Volltmann,+t 
and others, state that after division of the sympathetic there 
are changes in the eye analogous to those occurring after divi- 
sion of the trigeminus. Brown- Sequard also has observed, 
after section of the sympathetic in guinea-pigs and rabbits, 
a gradual atrophy of the eye of the aide concerned. It is 
generally admitted that this is due chiefly to paralysis of 
vasomotor or trophic nerve-fibres which join the trigeminus, 
and are found in the gasseriau ganglion and its first division. 

• " Meiaaiier'H JahreBbericht," 1868, p. 327. 
t " Archiv. de PhyB. Koroiale et Pathologique," 1869. 

t " Beitrage znr Phjaiologio nnd Patbologie derThranenorgane." Berlin, 1868, 
§ " Eiperimentelle UoteFsncliDugeii iiber die InnervSibionamoDge der Tbrii. 
nendriiae," dies. Dorpnt., 1871. 

II "Arohiv. flir die Geaammte Phjsiologie," Bd. vi., p. 191. 
1 " Fimcl. Nerv.," p. 109. 

•• "PhjH. Aiiatom.and Palb.EcBearchcs,'' Edinb., 1K48, p. 
+t H. Wagner's " HauilwortBrljneh," ii., p. 6:!1. 
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others hold that the so-called ophthalmia neuroparalytica, 
following section of the trigeminuB, is generally but the con- 
sequence of the want of protection of the eye against mecha- 
nical and other injuries, the result of the auEestheaia of the 
cornea. We should state, further, that in dogs, in which the 
united vagus and sympathetic were cut, we could not find, 4J 
months afterwards, any trace of ophthalmia or ati'ophy of the 
eye. 

Sinitzin* has lately attributed to the sympathetic a func- 
tion almost directly opposed to that mentioned by the above- 
named authors He found that after extirpation of the supe- 
rior cervical ganglion, the cornea of the same side, in com- 
parison with the other, offered considerably more resistance 
to foreign bodies ; while these (particles of glass, &e ) , on the 
sound side, produced more or less violent conjunctivitis, 
pannus, purulent infiItra.tion of the cornea, with ulceration 
and loss of tissue in the neighbourhood of tie infiltration, or 
violent iritis, and panophthalmitis — the side operated on 
showed almost none of these conditions. The neuro-paralytic 
phenomena in tlie eye did not appear after division of the trige- 
minus in the cranium (immediately in front of the gagserian 
ganglion), if, not long before the operation, or immediately there- 
after, the superior cervical ganglion was extirpated. Even the 
n euro-paralytic phenomena arising from primary division of 
the trigeminus — when they had not made too much progress, 
the cornea being still moist and clear— disappeared entirely 
in the course of 2 — 4 days on tearing out the ganglion ; even 
when the morbid changes had become too extensive to permit 
of perfect recovery, extirpation arrested their progress, and 
produced a certain amount of improvement. The same thing 
occurs with the ulcerations on the lips and eyelids after divi- 
sion of the trigeminus. Not long ago Eekhard and Senftle- 
henf repeated these experiments, with results not entirely 
confirmatory of Sinitzin's statements. 

5. Nutrition of tlie Brain. — Brown -Sequardf states that 
within a few months after division of the cervical sympathe- 
tic in guinea-pigs and rabbits, he observed atrophy of the 
corresponding half of the hrain. After him Vulpian obtained 
tlie same results. 

D. Cardiac Excitomotor Branches, — In theeervical sympathe- 
tic are included certain nerve-fibres which are generally sup- 

• " Centtalblatt fur die Med. WiBBenach.," 1871, No. 11. 

t " Vircliow'B Archiv.," 1»75, 65«r.. Band. p. 69. 

J "Arcbiy. do Phya.," 2 B£r., t. ii., No. 6, Octr. bia Deo., 187.'5, p, S64. 
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posed to convey influences which accelerate the hearths action. 
These are the cardiac sympathetic branches risino: from the 
cervical ganglia— the N. cardiacus saperior from the upper 
ganglion, the N. cardiacus medina from the middle, and the 
N. cardiacus inferior from the lower ganglion. All these 
nerves communicate, by many anastomoses, with the corres- 
ponding spinal cervical nerves and with the hypoglossal and 
vagus. Besides these {according to V, Bezold*) there are 
certain stimtJating cardiac fibres which, arising in the brain, 
pass through the cervical and upper part of the dorsal portions 
of the spinal cord to the ganglion eervicale inferius and the 
superior thoracic ganglion, to be distributed eventually in the 
tissues of the heart. The belief in such an excito-motor 
cardiac nerve-system, according to V. Bezold's meaning, sti- 
mulating directly from the brain, has been very much debated ; 
against it it has been specially objected that the presumed 
excitory influence on the motions of the heart is to be referred 
entirely, or for the most part, to the vasomotor fibres in the 
sympathetic, or to the reflex action of the N. depressor (Lud- 
wig and Thiry,t TraubeJ, M. and E. Cyon ;)§ and V. Bezold|| 
himself has admitted that the vasomotor fibres co-operate in 
effecting the changes in the heart's action and in the blood- 
pressure. 

Lepine,! with Bochefontaine and Tridon, have lately found 
that irritation of certiiin spots on the surface of the brain of 
dogs (gyms postfrontalis and a part of the gyms prasfrontalis) 
with a weak induction current gave rise to not only a con- 
siderable increase of the pressure of the blood in the crural 
artery, equal to 7 cm. mercury, but also at the same time to 
an acceleration of the heart's beat. With the vagus nerves 
intact, and a powerful cun'eut, there was, on tlie other hand, 
a decrease in the number of the heart's contractions. It thus 
appears not impossible that tliere may be, in that situation, a 
cerebral centrum for the cardiac accelerating branches of the 
sympathetic nerve, as V. Bezold originally supposed ; while it 
is just as possible, and, according to our formerly mentioned 

■ " UnterBnchnngen liber die InncrvaCioii dee Elerzena." Lcijizig, 18G3. 
" CentraJblBtt fiir die Med, WisBensoli," 1866, No, 32. 
+ " Wiener SitzongBiiBriolite," xlii., if., p. 421 . 

I " Berliner KliniBOhe WocheEBchritt," 1866, No. 61. 

g " Centralblatt fiir die Med. ■WieBenech,," 1866, No. 51. " Heichert'a n. du 
Bois Eeymond's Arcbiv., 1867. p. 308. 

II " Centmlblatt f flr die Med. WiaBensoli," 1867, No. 3 and 23. 

^ Kec^ercbeB Eor les centres motonrB da I'encephale, " (jaz. Med.," 1875, 

Ho. as. 
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inveBtigatioiiB, even more probable that we have to do rather 
with siniple vasomotor centres situated in the foremeiitioned 
spots in the corticalbrainsubstanee, and that the acceleration 
ot' the heart's action following irritation of the centres must 
be regarded oidj as the resnlt of the increase of the arterial 
pressure. Thus, the existence of a cerebral centre for the 
cardiac escitomotor branches remains, in the meantime, just 
as uncertain as that of a centre for the oculo-pupillary 
branches, or for the excitomotor branches of the vessels of 
the head. 

The various inquiries as to the effect of irritation of the 
cervical sympathetic (especially of its lower part and of the 
superior and middle ganglia) on the heart, have given but 
nn satisfactory results; it is only established thut, through 
the ganglion stellutum and the upper thorncic ganglion con- 
nected with it, the heart may be nmde to act more rapidly, 
or may be set in motion again after having come to a stand- 
still. CI. Bernard, V. Bezold, M. andE.Cyon.andSchmiede- 
berg, are all agreed on that point. When considering the 
functions of the thoracic and abdominal parts of the sympa- 
thetic system we will again refer to the possible explanation 
of these facts, and some others connected with ihem. Here, 
in conclusion, it may be mentioned that some authors belicTe 
also in the existence of so-called "pressor" nerves in the 
cervical sympathetic and in the vagus (especially in the 
ramus laryngeus superior), irritation of which increases tone 
reflexively, and which thus act in opposition to the ramus 
depressor of the vagus discovered by E. Cyon (Auhert and 
EoeTer). Concerning the origin and course of these branches 
comparatively little is inown ; they may, however, be iden- 
tical with those nerves which tranquilize reflexively the 
irritation of the vagus. 

]L Experimevital Obitervatione on the Functions of the Cervkal 
Sympathetic Nerve in Man. — Ihe present observations can 
naturally refer only to irritation experiments, which were 
principally conducted on living men by means of percutaneous 
faradisation or galvanizing of the cervical sympathetic. 

Besides these we have some observations on direct irrita^ 
tion of the exposed cervical sympathetic in executed criminals. 
Tragmentary as these are, thtsy support the view that its 
functions in men coincide in reality with those discovered in 
other mammalia. This refers specially to the oculo-pupillary ^ 
brunches, since, as was already mentioned, R. Wagner and H. / 
Miiller observed the eyelids opening on electrical in-itation 
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of the cervical sympathetic of executed criminals. With re- 
gard to the cardiac excitomotor branches, an observation of 
Henle'8*ia of interest; he noticedtbat, in thecaseof amanwho 
was beheaded, the movements of the auricle ceased in about 
25 minutes after death, and that on applying the wires of an 
induction apparatus to the peripheral end of the divided 
Bjrapathetic on the left side, the rhythmic contractions began 
again almost immediately. Nevertheless, Henle attached no 
great importance to these facts, because repeatedly, after 
prolonged pauses, the auricle began agaiu spontaneously to 
beat. 

As regards percutaneous irritation of the cervical sympa- 
thetic, Gerhardtt obtained, in one ease, a very slight dilata- 
tion of the pupil by faradisation and galvanisation, applying 
the cathode between the inferior angle of the maxilla and the 
stfimocleidomastoid muscle, and the anode to the arch of the 
palate on the same side. In one ease, in which there was a 
swelling on the right side ot the throat, in front of the 
clavicle, Gerhardt could, by compressing this swelling with 
hia fingers, produce a dilatatiou of the pupil and a decided 
lowering of the frequency of the pulse, the latter, most likely, 
through simultaneous mechanical irritation of the vagus. J 

We have performed many experiments to show the influence 
of perculaneoibs galvanisation on the p-upil, tkefreqiwncy of the 
puUe and the blood-pressure in men, the principal results of 
which are stated below. In the first place let it be under- 
stood that for the point of irritation for the ganglion cervicale 
Bupremum (according to Eemak) we took the so-called fossa 
auriculo mastoidea, for that of the ganglion cervicale medium 
the neighbourhood of the transverse processes of the 4th and 
Stb cervical vertebrEe, and for that of the ganglion cervicale 
inferius a point near the transverse processes of the two last 
cervical vertebrte. That a current of electricity may pass 
thiough the cervical sympathetic in galvanising these spots 
is shown by the researches of Eurckhardt§ and Ziemssen|| 
on the dead body, inasmuch as they, by means of insulated 

• Handbnch der NervfiDlehre. Brannechwoig', 1871, p. 57B. 

•f " Zar CikBaiHtik der Gehirn ErBokbeiten, Jeua'scbo Zeitsohrift fllr Modioin 
nod StttUTKiBHenacliaft," 1864, I., p. HOO. 

t Bee"Czeniiak, Prager VierleliatreBEchrift," Bd. 100, p. 30, 1868. " Kobb- 
bnch, nbsr mechaniHcliB vagna— nnd Bjmpa,thien8— reliong bei Mediastiiialtn. 
moral." DiBsert. Jena, 1869. 

§ " Ueber die polere Methode, DeatBches Archiv. fiir Klini 
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" Die Electricitat in der Uedioin," 4te Aoflage, Berlin, 1873, 
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conducting needles thrust into the sympathetic from behind, 
and connected at their free ends with the ga.lvano meter, 
aucceeded in proving the tranBinission of a weak current'^ 
through the nerve when the external electrodes were placed 
on the angle of the lower jaw and on the mannbriiim stenii. 

Original Ea^eriments. — Our experiments on healthy per- 
soiiB gave the following results : — 

"Whentheanodeof a constant battery of 20— 40 of Siemens' 
elements is placed on the manubrium sterni, and the cathode 
immediately behind and below the angle of the jaw, a slight 
dilatation of the pupil on the irdtated side instantaneously 
occurs on closing the circuit, followed by a gradually increas- 
ing contraction when the current is kept up. Sometimes 
these phenomena do not appear ou the first closure of the 
circuit, but they are produced distinctly when the current, 
after being continued for some time (J-J minute), is inter- 
rupted, and again closed ; and the same result follows eac'i 
sueceseive closure. Generally the momentary dilatation 
corresponding to the completion of the circuit is so slight as to 
escape direct objective observation ; but one may bring it 
subjectively into view by aid of the Pupilloscope* of Giraud- 
Teulon, first described by Houdin, The construction of this 
iustrument was suggested bj the fact that there are on the 
retina a number of dispersion -circles whose size and relative 
distance are correspondingly modified by the slightest change 
in the diameter of the pupil. At the instant that the electnc 
connections are completed, the dispersion -circles are seen by 
those qualified for personal observation to be suddenly 
enlarged; but while the current continues they graduaUy 
become smaller. The effect of interrupting the current is 
very variable; sometimes increase, frequently decrease in 
size, and occasionally no appreciable change ia observed in 
the dispersiou-cii'cles. In some cases, when employing a 
very powerful current, which is kept up for some time, a per- 
sistent and objectively demonstrable dilatation of the pupil 
occurs, which continues even after withdrawal of the 
current.f As regards the causes of these phenomena, it may 
clearly be inferred that the momentary dilatation of the 
pupil occurring on closing the circuit is due to a cxmrulflive 

• See Zdhender, " Klinische MoiiatBliIa.tter fiir Augcnheilknnde," Sept. 1867, 
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action in the sympathetic pupillary branches; and that the 
inconstant dilatation on internipting the current, and that 
which more rarely occurs while the current is kept up, corres- 
pond to the gfllvanotomic stimulation of other motor nerves. 
The probability of this explanation is increased by the 
following considerations : — (a) That the results of reversing 
the current (the anode being behind the angle of the jaw) 
are much more uncertain ; (b), that they generally disappear 
when the negative electrode is removed Irom the spot corres- 
ponding to the ganglion suprcmum and placed, tor instance, 
in the nect, on the lower cervical spinons processes ; (c), that 
when the electrodes are applied symmeti'ically behind and 
below the angle of the Jaw, these phenomena, in the eye 
corresponding to the cathode, are more marked and constant 
in their occurrence. Nevertheless, there always remains the 
objection that the dilatation of the pupil in percutaneous 
galvanisation originates, not from direct stimulation of the 
sympathetic, but refiexively fr<im the irritated nerves of 
sensation in the skin. Claude Bernard has shown (and we 
Jound it confirmed by our experiments on animals and men) 
that a poweri'ul initation of sensory nerves may produce 
reflex dilatation of the pupil. In the same way, and oftener 
on powerfully stimulating the crural nerve with an electric 
current, we have obtained the same result. 

After the prolonged operation of a strong, continuous 
current, flowing in the above-mentioned direction, we fre- 
quently observed, when the circuit was still complete, a fall 
in the frequency of the pulse, amounting to 4 — Iti beats per 
minute in those cases in which the normal frequency was CO- 
BO ; and with this was conjoined a decrease, discoverable by 
palpation, of tension and piessure in the carotid of both 
the irritated and the non-irritated sides, and even in the 
radial arteries. The information supplied bj Marey's sphyg- 
mograph was more exact, especially with reterenee to the 
carotid. The typical appearance of the pnviously normal 
carotid tracings was strikingly altered, when the galvanic 
current was passed in the manner before described. The line 
of ascent becomes more oblique, and deviates towards the 
right, while the pointed apex almost or entirely disappears. 
The descending curve which should follow the primary 
ascending line becomes a broad plateau, 2 mmtr. in length, 
6L.metimes horizontal, and stmetimes presenting another 
more or less steep ascent. The end of this portion of the 
Lurve, which is at the same time the beginning of the actual 
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line of descent, is formeil by the summit of the first 
secondary wave, which thua rises to th« same height a,B, or 
even higher than, the primary wave. Tlie line of descent 
falls somewhat gradually, and the last (great) indentation in 
the tracing, with its corresponding line of ascent, is flat or 
rounded. 

These changes are sometimes clearly seen, especially the 
more oblique direction of the line of ascent, in the radial 
tracing. On the other hand, there is wanting here the 
flattening or secondary elevation at the apes, so characteris- 
tic of the carotid curve ; the apes is more pointed than under 
normal conditions, and the first secondary wave appears 
clearly developed in the course of the line of descent. Thus, 
from these statements regarding the carotid and radial corves, 
partly corroborative and partly contradictory, it may be con- 
jectured that in the before- mentioned method of galvanisa- 
tion we have to do with two factors, one acting generally, 
the other locally. Concerning the first factor there can be no 
doubt ; it is the retarding and the weakening of the heart's 
action, which show themselves in the decrease in the frequency 
and tension of the pulse, and graphically in the diminished 
height and more oblique direction of the line of ascent. The 
second local force is perhaps to be sought in the influence of 
the electric current on those vasomotor nerve-fibres of the 
head distributed in the cervical sympathetic, whereby the 
arterial tone in theregion supplied by the carotid is diminished, 
andtbeblood-pressure in the carotid itself considerably lowered, 
Very specially in favour of this view is the circumstance 
that when a strong current is sent in a downward direction 
through the neck, from the vertebral column to the brachial 
plexns, the same pulse-tracings are obtained (while the cir- 
cuit is closed) in the radial artery of the irritated side as in 
the case of the carotid just mentioned. By this method also, 
as in various other ways in which galvanisation is practised 
(such as the transmission of a powerful descending current 
longitudinally in the vertebral column, &c.}, a transitory 
diminution in the frequency of the pulse occurs. We beheve , 
that this is caused by a refiex stimulation of the inhibitory 
nerve of the heart, the vagus ; at all events it can scarcely 
bear any relation to the sympathetic system. 

Experiments lately performed by us, using the thermo- 
electric apparatus formerly described, proved clearly that 
electrisation of the neighbourhood of the cervical sympathe- 
tic had a decided effect on tiie temperature of the correspond- 
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ing Bide of the head. When a strong faradic current was 
passed the temperature of the face, during the contipaance 
of the irritation, sank 0'5 to 0.7''C. When tlieirritation was 
effected by means of a constant current, the cathode being in 
the auriculo- mastoid fossa, there was a momentary lowering 
of temperature on the same side of the face, whilst with the 
anode in the same position there was almost no result. 

These experiments not yet being concluded, we abstain 
from giving a more complete account of them. 



Rockwell and Beard* have prosecuted some inquiries on 
living men, concerning the influenee of percutaneous galvanisa- 
tion of the cervical sympathetic on the vessels of the fwndus of 
the ej/e. A current of 10 — 26 elements was used for 2 — 5 
minutes, the anode being placed in the aurieulo-mastoid 
fossa, and the cathode on the manubrium sterni, or at the 
side of the sixth cervical vertebra. The results, which coin- 
cided exactly with those of our own experiments, were 
sleepiness, a variable sensation of warmth, changes in the 
pupil, and lowering of the rate of the pulse. As regards the 
ophthalmoscopic appearance of the vessels of the eye, three 
practised observers give quite contradictory statements. One 
of theset noticed Hypertemia, followed by Anseniia, of the 
retinal veins ; a second,! loading of the retinal veins ; a third 
(Hackley), only a slight contraction of the arteries. We 
shall not be surprised at the relative unsuccess fulness of these 
experiments when we consider that, according to Griinhagen 
and Hippel, probably only the vasomotor nerves of rhe iris, 
and not those of tlie choroid and retina, are supplied by the 
cervical sympathetic, as was formerly mentioned. 

In conclusion, we may here notice the changes in the secre- 
tion of perspiration on galvanising the cervical sympathetic- 

In several cases M, Meyer§ made the important observation 
that by galvanisation of the cervical sympathetic the secre- 
tion of perspiration in the arm is increased Thus, when 
the cathode vfas placed on the ganglion cervicale supremum, 
and the anode on the transverse process of the seventh 
cervical vertebra of the opposite side, there was a rise in the 
temperature of the arm on the side corresponding to the 

• " On Modicsal and Snrgical Electricity," 1871. 

f Booaa. 

j Loring. 

§ '■ Berliner klioiaclie WochenBclirilt," 1868, No. 23 j 1B70, No. 22. 
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cathode, aud the perspiration appeared in drops ia the palm ^^^H 

and on the finger-tips. In our opinion this result ia to be ^^^W 

ascribed only to currents which, in using the electrical 1 
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apparatus in the way described, enter the brachial plexus or 
spinal marrow ; we believe that moat probably it has no con- 
nection with the sympathetic. Further, in a case of ephi- 
drosis of the right side, Chvoatek* merely increased the 
secretion of perspiration on the right side of the face by 
galvanising the cervical aympathetic (the cathode being 
placed in the neighbourhood of the ganglion cervicale 
aupremum, and the anode on the opposite side, near the 
spinous processes of the cervical and upper dorsal vertebrsB). 
On the other hand, Nitzelnadel,t in a similar case of 
unilateral epbidrosis, produced a diminution in the secretion 
by galvanising the sympathetic. 



Thoracic and Abdominal Pakts of the Sympatuetic 

System. 
According to their physiological functions, so far as we 
know them, we can distinguish tlie following varieties of 
branches in the thoracic and abdominal sympathetic nerves : — 

1. Uxcitomotor brandies of the thoracic and abdominal 

viscera. 

2. Movemeni-eontroUing (regulating) branches. 

3. Vasomotor (or secretory emd trophic) branches. 

4. Sensory branches, acimg rejiexively. 

I. Excitomotor branches of the tltoracie and abdominal viscera, 
1. The Heart. — "We have already had under consideration 
the excitomotor nerves of the heart distributed in the cervical 
aympathetic ; and it has also been mentioned that branches pas a 
from the spinal cord to the upper thoracic ganglion and the 
ganglion atellatum, and thence enter the cardiac plexus. 
According to V. Bezold and BeverJ these branches rise partly 
from loops of the brachial plexua, and partly from the plexua 
surrounding the vertebral artery ; they were not sncceasfol in 
tracing themback to the trunks of the cervical nerves in rabbit-a. 
Schmiedeberg, also, could not find excitomotor nerves in the 

• " Wiener raed WochenBchritt,"' 1872. No. 19 and 20. 

f " Uebor nervQao HypBridroBiB nnd Anidroaie, ' Dies. Jena, 1867. 

t "Wliribarger med. Zeitschrift," 1867, Bd. Tiii, p. 215j " UntersQcliiiiigen 
ana dem phjaiologischon Laboratorinm in Wfiizbarg," Leipzig, 1867, Heft 2, 
p. 181. 
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epitial roots of the first thoracic ganglion in dog;8. Besides 
Bueh branches as are of uncertain origin, the trunk of the 
sympathetic in its whole length, as far downwards as the 
lumbar region, contains fibres the irritation of which 
accelerates and strengthens the contractions of the heart, 
as Budge and Bonders have shown in frogs, and V. Bezotd in 
rabbits. Ton Bezold also regarded as excitomotor those 
filaments which, issuing from the thoracic and lumbar parts 
of the spinal murrow, pass upwards in the trunk of the 
sympathetic, and eventually emerge from the uppermost 
thoracic ganglion as Nervi cardiaci inferiorea. Nevertheless 
this, as we now know, is not the correct view ; they are rather 
regulating fibres, conducting impressions centripetally, and 
acting in a reflex; way on the vagus nerve. 

2. Stomach and IntestiTies. — Nothing is known with cer- 
tainty regarding the influence of the sympathetic on the 
movements of the stomach. The peristaltic movements of 
the intestines, on the other hand, though automatically excited 
through the parenchymal ganglia, seem capable of receiving 
accelerating influences from the thoracic and abdominal 
parts of the sympathetic system. The inhibitory nerves of 
peristaltic action, afterwards to be considered, appear to run 
in the trunk of the splanchnic nerve ; at least one circum- 
stance favours that view, — that irritation of the splanchnic 
in animals arrests the movements of the intestines. 

The colon descendens and the rectum receive, according to 
Nasse,* motor fibres from the plexus surrounding the inferior 
mesenteric artery. 

3. Urogenital Apparatus. — The movements of the bladder, 
the ureter, the seminal vesicles, and the uterus, are partly 
excited or increased by irritation of the tmnk of the sympa- 
thetic nerve in the abdomen or of the plexuses in the abdo- 
minal cavity ; but it is still an open question whether the 
originating or increasing of these movements takes place 
directly from the sympathetic by excitomotor fibres, or 
reflexively through the afferent or sensory nerves of the 
viscera. As regards the bladder. Budget has shown that 
most of its direct motor branches come from the spinal 
cord, from the centrum genito- spin ale superins and inferius, 
through the sacral nerves ; some also pass through the sym- 

• "BeitrSge znr Phyaiologie dpr Darmbewegnng," Leipii^, 18116. 
+ Henlo's and Pfeufer's " Zoitaohritt fiir rationelle Medioin," utL, p. 174. 
" Wiener med. Wocliuiiflcrift," 1S64) No. 39-11. 
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pathetic hypogastric plexua to the vesical plexus; in the 
latter, also, are sensory and reflexively-acting fibres. 

Regarding the movements of the uterus, opinion varies 
very much. According to the researches of Oberuier,* 
Frankenhauaer,t and Koerner,J the hypogastric plexus and 
the S(^)ennatic nerves arising from it appear to contain all, or 
the most important, motor nerves of the female genitaJ 
appai-atua ; Kehrer,§ on the other hand, got no result what- 
ever from irritation of the plexus hypogaatrieus (maguns). 
Kehrer regards the sacral nerves as exclusively motor nerves 
of the uterus ; and Koemer and Obernier at least admit the 
presence of excitomotor fibres in the sacral nerves; whilst 
Frankenhiiuser believes them to be inhibitory nerves, and 
considers the inferior mesenteric ganglion the proper motor 
centre of the uterus. According to the above-named anthers, 
the centre for the uterine spinal nerves is to be sought for 
partly in the neighbourhood of the last dorsal and four first 
Inmbar vertebrse, and partly further upwards, perhaps even 
in the brain (the cerebellum?) ; and these statements are 
corroborated by the latest experiments of Oser and Schles- 
inger. 

MovCTnents in the vaaa deferentia and the vesiculse semi- 
nales followed, according to Budge|| and Loeb,l irritation of 
the trunk of the sympathetic in rabbits, from the ganglion 
lying on the fifth lumbar vertebra downwards ; while irrita- 
tion above that level was followed by no result. The fibrea 
producing that effect rise, as shown by Budge, in the centrum 
genito-spinale superius, at the level of the fourth lumbar 
vertebra. 

IT. Movement-Controlling (regulating) Branches. — Under 
this title we have to distinguish between two varieties of 
branches — (a) Those which control the movements in the 
viscera directly, centrifugally, that is, probably through the 
operation of automatic exciters of movement— excito- 
motor ganglia in the parenchyma — controlling nerves, in the 
strictest sense ; (b) Those which exercise their function 






DtSB 



" Centralblatt far die Hed, 



natter. Jooa'scbo ZeitB<ihrifl fflr 
Medecin and Natnrwisaenc 

t ■• Db nervia uteri." 
WieRenacbaft," tSlH, So. S 

I Deber ZuBammenzlphaagen iloa WeiblialieQ GenitalapparatB (" Beitrige xi 
Tergleiahenden and experiaieDtellun Geburta^nnde." QieHBeo, 1B64). 

II See " MeisBDer'B JahreBberioht," IfiSlJ, p. 6S5. 
f Ibidem, 1865, p. 488, 



S4 The Sympaiketic Systmi of Nerves, 

reflexiTely, centripetally, by acting on the movemfint-control- 
lingj regulating inechaiiisms in the central nervous appa^ 
rataa — reflex inhibitory nerves. The latter should probably 
also be regarded ae sensory nerves; like these, theiractiim is 
reflex, only that action does not show itself in movement, but 
rather in checking or controlling movement. 

The splanchnic nerve is generally considered a direct in- 
hibitory nerve ; Pfliiger proved that irritating it arrested the 
peristaltic movement in the small intestine. Indisputable as 
this fact is, the inference evidently to be drawn from it — that 
of a directly-controlling action of the splanchnic — has lately 
become somewhat doubtful; we know, especially, that the 
splanchnic is also the vasomotor nerve of the small intestine 
(see below), and the lessening of the arterial blood supply 
following the irritation might be regarded as indirectly the 
cause of the decrease or aiTCst of the peristaltic action. 
The controlling fibres of the splanchnic pass, as has been 
pointed out by Pfluger and Nasse, into the dorsal part of the 
spinal cord ; their central termination, however, has not yet 
been ascertained. 

The reflex inhibitory nerves have an action similar to that 
of the superior laryngeal on the respiratory movementa 
(F. Rosenthal); those which control the movements of the 
heart and bloodvessels are contained in the thoracic and 
abdominal parts of the sympathetic, as Goltz and Uernstein 
have demonstrated. Goltz* found that, in striking or tap- 
ping on the skin of the abdomen in frogs, or on the exposed 
abdominal viscera, the ao-called percussion experiment (Klop- 
fversuch), he produced a temporary diastolic arrest of the 
heart's action and a hypersemic dilatation of the vessels of 
the abdomen. Re explained the arrest of the heart's action 
as a reflex irritation of the vagus — the dilatation of the 
vessels of the abdomen as paralytic relaxation (atony) due 
to decreased activity of the vasomotor nerve-centre. Never- 
theless he did not succeed in demonstrating particularly the 
routes by which this reflex action travels, On the other 
hand, Eernsteinf has more lately proved that those branches 
which stimulate the vagus reflexively run in the trunk of the 

• " Archiy, fiir Fathologiache Anatomio," iiviii., p.428 j n»ii„p. 294, "Cent- 
ralblatt fiir die Med. WisBench.," 1S64, No. 40. 

+ " HerEBtilktand dnroh ^J'IQpathienB.RBiI^llfc i" " Ceiitraiblat fiir die 
Med. WiBaench.," 1863, No. 52; 1864, No. IG. " Untersnchungen iiber den 
Mechaniflmaa dea regnlatariBchen HermerTBiifljsteins, Heiohert't nnd do Boig 
Eeymoud's Archiv. Hr PlyBiologio," 1864, p. 614. 
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sympathetic, and, for the most part, pass into tlie spinal cord 
between the third and sixth dorsal vertebrsB through the 
communicating branches ; as we have formerly mentioned, 
only a few are found further up, as high aa the ganglion 
steUatum. After division of the sympathetic the percussion 
experiment gives no further result ; but the effect of irrita- 
tion of the sympathetic on the heart remains when both 
Tagi are previously divided, or when the medulla oblongata 
is destroyed. Further, Bernstein succeeded, at least in 
frogs, in demonstrating the peripheral branch in which the 
reSex controlling fibres are conducted from the abdominal 
viscera to the trunk of the sympathetic. It is a small nerve 
which accompanies the mesenteric artery ; stimulation of 
this nerve caused the diastolic arrest of the heart's action, as 
in irritation of the trunk of the sympathetic or of the 
exposed abdominal viscera. Bernstein states that similar 
treatment of the splanchnic does not produce the same effect. 

Concerning the controlling power of the nervi erigenteson 
the bloodvessels of the penis, see below (vasomotor branches). 

III. Vasomotor, or Secretory and Trophic Sranches. — The 
vasomotor nerves of the thoracic and abdomiual viscera are 
distributed fur the most part, if not entirely, by the sympa- 
thetic — the plexuses and peripheral branches of the thoracic 
and abdominal portions. 

1, The Lv/nge. — Formerly the vagus was generally regarded 
as the vasomotor nerve of the lungs, this view being sup- 
ported by the well-known changes which take place therein 
on division of the vagus (Louget, Wundt, Scbiff, and others), 
Traube has shown that the cause of these changes is that 
portions of food get down the air-passa^s, and that the 
vagus, as a vasomotor nerve, has no share in producing 
them. Wundt* conjectured that the sympathetic branches 
were concerned in the innervation of the vessels of the 
lungs ; and lately Brown-Sequardf concluded, after experi- 
ments on doga, rabbits, and guinea-pigs, that the vaso- 
motor nerves of the lungs are not distributed in the vagus, 
bat through the spinal cord {cervical portion) and the first 
thoracic ganglion of the sympathetic. 

A carefully -conducted aeries of experiments performed by 

* YerEDclie Jibor den Eiiifinaa dor DnrcherbiieiiluDg der vsgi anf die Beepi- 
rationB-organe ! MiiUer'B " AreLiT fiit PhyHiologie." 1855. 

f On I'ccbymoBea and utLer Evasions uf Bluod caused hy a Kervuua luflu- 
enoe: ArofaivMi f . Boieatiflo and Fraotuial Medioine, 1873, Febr., No. 2, p. 
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Bis cliofswerder* on rabbits led to the conclnsion that thevagna, 
as well aa the Bympathetif^, acts as a Ta.somotor nerve of the 
lungs. 'Ihe aimultaneoua extirpation of the uppermoat 
thoracic ganglion and both vagi was followed bj a much 
stronger bypersemia and infiltration of the lungs than divi- 
sion of the vagi onlj. 

According to Brown -S^uard's observations, the vaso- 
motor nerves of the lungs appear to have a cerebral origin. 
This author repeatedly saw pneumonic infiltration, bsemor- 
rhages, and oedema of the lungs, after injury to the base of 
the brain, Nothnagel made the same observation after 
injury to a certain spot on the surface of the rabbit's brain, 
near the sulcus found on its superior aspect ; sometimes 
nearly the whole lung was infiltrated with blood. 

2, Stomach and Bowel. — The secretion of the gastric juice 
Beema to be caiTied on automatically by the ganglia situated 
in the walls of the stomach. The sympathetic has no direct 
influence on the process, bo far as we knnw ; the vagus, how- 
ever, does exercise some such influence, but perhaps only re- 
flexively, as the sensory nerve of the stomach. This view is 
supported by many experiments, amongst others those of 
Lusaana and Inzoni.f The sympathetic plexuses and 
ganglia have, however, some control over the nutrition of the 
walls of the stomach; thus, PincusJ and Adrian§ observed, 
after extirpation of the solar plexus, various changes in the 
mucous membrane of the stomach and upper part of the 
small intestine (intense bypersemia, extravasation of blood, 
and ulceration), but none in the secreting power of the 
stomach. 

The vasomotor nerve of the intestine, at least of the small 
intestine, and probably of most of the abdominal viscera, is 
the splanchnic, the principal vasomotor nerve in the body. 
Irritation and extirpation of the different ganglia and sympa- 
thetic plexuses of the abdomen have a certain, but very 
inconstant influence on the intestinal secretion, the nature of 
the intestinal evacuations, and on the general nutrition. 
Thus, after extirpation of the eoeliac plexus some observers 
noticed increased secretion from the intestines (Adrian), or 

• " VagTis ucd SjmpatliicnB, die vaaomotoriBcben Nerven der Lunge." Dia- 
lertation. Greifswdld, 1K75, 

t ■' Gai. Hebotnad," 1863, i., 13. 

J " EipBC. de TJ nervi Ta^i et eympathioi ad TBsa aeccet. Eatrit. traotoB in- 
testinalis et rennm," Diaa., Brealau, 1866. 

§ " tJeber die Fnactiniiea dea pleins ooeliaonB and meBBntericns," DisEert., 
^ 1861. 
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htemorrhagic diarrhosa (CI. Bernard) ; Lumanafey* alao 
observed emaciation and discharge of undigested food per 
aanm. 

The centre for the vaBOmotor nerves of the intestine, lite 
that of the vasomotor nerves of the liver, &g., appears to be 
in the brain. We ourselves frequently noticed the occurrence 
of biemorrhagic diarrhoea in doga, after injury to different 
parts of the eerebellnm. 

3, The Liver. — Suhiff first proved that the vasomotor 
nerves of the liver are diatribnted in the aympathetic ; and 
he at the same time drew attention to the great importance 
of these nerves in the pathogeny of diabetes mellitua pro- 
duced experimentally in animals, by means of Bernml's 
puncture, &c. 

The vasomotor nerves of the liver are held by Schiff f to rise 
1 the neighbourhood of the floor of the iburth ventricle of 
the brain, the medulla oblongata, and the anterior half of the 
cervical and thoracic parts of the spinal cord, as far dovi'n- 
■wards as the fonrth or fifth dorsiil vertebra in mammalia. 
Here they enter the sympathetic through the communicating 
branches, so paaa downwards, and eventually accompany the 
vessels of the liver (as the hepatic plexus) to the interior of 
the parenchyma of the gland. 

"He states that injury to these vasomotor nerves in any 
part of their course has the same effect as wounding their 
centre by puncture. In all these cases the first result waa a 
paralytic dilatation of the vessels of the liver producing 
considerable hyperaemia. It is this latter which, by trans- 
formation of the glycogen, causes the formation of sugar, 
which appears in the blood and afterwards in the urine. 

Pavy t has noted the occurrence of diabetes after injuring 
the uppermost cervical ganglion ; l';cbhard,§ after destroying 
the uppermost thoracic and inferior cervical ganglia, afber 
wounding the vermiform process of the cerebellum iu 
rabbits, and after section of the spinal cord from the 
medulla oblongata downwards to the level of the lumbar 
vertebriB; and, finally, Schiff observed it after division of 
the sciatic nerves. These experiments, and the occurrence 
of a transient melitnria after each considerable disturbance 



" ZeitBclirif t fur rationelle Medeoin," Band 



9 (186(i). 



38 The Sympathetic Syttgm of Nerve*, 

of the circulation, after ligature of tlio lai^er veeBels, tind 
under the influence of certain poisonons substances, &c., are 
probably to be explained on the g^round that, under the cir- 
cumstances mentioned, either by direct or indirect co- 
operation of the vaBoraotor nervee of the liver, there is an 
increased flow of blood to that organ, and, consequently, an 
increased production of sugar. This explanation is farther 
supported by the later experiments of t-yon and Aladoff,* 
who also bring to light many new details on this subject. 
They established the fact that extirpation of the cervical 
ganglia of the sympathetic, and of the lower ganglion alone, 
immediately and constanily produces diabetes. The same 
result follows even when the ganglion is carefully, without 
any direct disturbance, raised and allowed to remain in its 
place, and then all the nerve- branches, both central and peri- 
pheral, with which it is connected, divided. It follows 
from that that the diabetes is not pmduced, as Eckhard 
believed, by stimulation, but by a paralysis of the sympa- 
thetic nerves ; and that the nerves, paralysis of which causes 
diabetes, stand in connection with the last thoracic and first 
cervical ganglia. An examination of the afferent and 
efferent nerves of these ganglia, with respect to their influ- 
ence on the formation of sugar, showed that diabetes occurs 
when division is practised either on both rami vertebrales or 
on both the nerves which pass from the inferior cervical 
ganglion to the first thoracic ganglion, encircling the sub- 
clavian artery and forming the so-called annulus Vieussenii. 
On the other hand, division of the other nerves of the inferior 
cervical ganglion causes no diabetes. Thus the nerve-fibres, 
paralysis of which produces diabetes, leave the spinal cord 
through the rami vertebrales, traverse the ganglion cervicale 
inferius, and pass thence in the trunk of the sympathetic and 
in the splanchnic nerves to the liver. One might thus 
expect that division of the splanchnic neiTes should occasion 
diabetes. In fact, V. Grafe,t Hensen, and Plocb,t had 
observed, amongst other things, the occurrence of the disease 
after division of the splanchnic ; Eekhard§ and Pavy deny 
tiiis, however, and even state that, after preliminary division 

• « Bnlletin de I'Acad, Imperials doB Sciencea de St. Petarelionrg," 1871. 
Tome ivi., p. 808, 

+ See"KranBE, Annotjitioneead DiobPtem." Halle,lR58. 

i " Ueber den Diabetes Dach DarchBclmeidang dcs N. SplaiLcliniona," 
Dissert., GieBsen., IHCS. 

I " Beitriige mr Anatomie and Pb^siologii!," 1SG7, Sand iv., p. B. 
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rof the splancbnic, " Bernard's puncture " does not cause 
diabetes. The further statements of Cyon and Aladuff are 
corroborative of these. They found that diviaion of the 
trunk of the sympathetic between the tenth and twelfth ribs 
in dogs almost never produces diabetes ; and fnrther; that 
when this section has been performed, division of the lowest 
cervical and uppermost thoracic ganglia is no longer followed 
by diabetes. When, on the other hand, the splanchnic or 
the trunk of the sympathetic is divided only after the 
" pnnetare " (pricking the floor of the fourth ventricle with a 
needle), or after wounding the ganglia just mentioned, the 
artificial diabetes remains. 

A solution of these apparent contradictions is possible 
only on the ground that certain neiTes, paralysis of which 
hinders the occurrence of diabetes in some way, enter 

I the trunk of the sympathetic below the first thoracio 
ganglion. Thus there must be two sorts of fibres iu the 
lower part of the sympathetic and in the splanchnic, of ^ 
which the one variety (those coming from the first thoracic * 
ganglion, hepatic vasomotor nerves), when paralysed, 
produces diabetes ; while the other, emerging from th" 
spinal cord at a lower level, prevents diabetes when 
paralysed. These latter fibres are merely, as I 'yon and 
Aladoff liave shown to he very probable, the vasomotor 
fibres of other organs. In order to the production of diabetes 
tliere must be a greater flow of blood through the dilated 

I hepatic vessels, as, in fact, occurs iu paralysis of the vaso- 
motor nerves of the liver, contained in the annulns Vieus- 
senii. After division of the tower part of the sympathetic, or 
of the splancbnic, there is an nccumulation of blood in the 
other Cleans, whereby the augmentation of the quantity of 
blood in the livt-r in consequence of the simultaneons para- 
lysis of its vasomotor nerves is reduced to a minimum. If, 
on the other hand, by preliminary "puncture," or by extir- 
patiun of the uppermost thoracic ganglion, dilatation of the 
hepatic vessels has already occun-ed, division of the splanch- 
nic cannot, at least at first, put an end to this dilatation ; 
thus the diabetes, after this operation, lasts some time. 

Budge* observed increase of size and congestion of the 
liver also after extirpation of the semilunar plexus. This 
■was not, however, confirmed by Adrian.f Moreover, this 
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proceeding often leads to the early death of the animal 
(within 24 hours), through injury to the neighbouring parts, 

4. The Kidneyg. — These organs obtain their vasomotor 
nerve snpply partly from ihe aympnthetic and piirtlj from 
the aplanehnic nerves. Thii is proved by certain experiments 
in which various qnalifative ai d quantitative changes in the 
urine (apart from Glycosuria), and disturbances in the nutri- 
tion of the kidneys and suprarenal capsulea, take place after 
interference with the sympathetic. 

It is a noteworthy fact that the diabetes occurring after 
dividing the sympathetic is usually conjoined with hydriiria; 
but diabetes without hydruria, or hydruria without diabetes, 
may be set up according as the vasomotor nerves of the 
liver and kidneys are interfered with in the joint or separate 
part of their course. Thus Cyon and Aladoff, in their fore- 
mentioned experiments, observed only diabetes without 
hydruria. Knoll,* after division of the splanchnic, only 
polyuria without diabetes. The experiments were performed 
in such a way that cannulie were placed in both ureters in 
dogs, the aplanehnic on one side- divided, and the quantities 
of urine secreted on each side compared. On the side 
operated on the quantity was considerably increased. 
Eckhard, after mechanical irritation of the vermiform lobe 
of the cerebellum in rahhita, noticed melituria; but after 
previously dividing the hepatic nerves, only hydruria, 
Bernard and Bonders diacovered that, on injuring a certiiin 
apot in the fourth ventricle of the brain, the secretion of 
urine was increased; thia spot is very near to, but does not 
coincide with, that part injury to which produces diabetes. 
On the whole, these experimenta support the view that the 
vasomotor, or secretory, nerves of the kidneys, like thoae of 
the liver, have a cerebral centre. Other changea in the urine 
(albuminui-ia, btematuria), indicating more serious alteration 
in the action of the kidneys, have been met with by other in- 
vestigators, after experimenta inwhichnotonly the renal nervea 
in their course were operated on, but also certain parts at the 
base of the brain. Bernard holds, with regard to secretion 
in the kidneys, that there is a nervous antagonism between 
the vagus and splanchnic aimilar to that which exista in the 
large aalivary glands of the mouth between the nerves of 
secretion distributed in the aympathetic and those of the 
chorda tympani. Thus, on irritating the vagus there ia said 
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to occur an increased flow of blood, distenaion of the veiDs, 
a lighter colouration of the venous blood, and increased 
secretion : irritation of the splanehnicos major, on the con- 
trary, is said to produce decrease of the flow of blood and 
of the secretion, and a darker colouration in the ■ 
blood. 



That also the vasomotor nerves of other abdominal organs 
(as the spleen) and of the whole genital apparatus are in- 
cluded in the trunk of the sympathetic is undeniable from 
the anatomical point of view, although special investigation 
by experiment has hitherto given but vague results. Irritation 
of the splenic plexus, and of a branch of the cEeliae plexus, 
according to Jascbkowitz,* reduces the size of the spleen, 
probably from contraction of the vessels in this very vascular 
oi^an. On the other hand, it has been proved by Bochefon- 
tainef and von Tarchanoft'J that after ligature of the splenic 
plesnis, or division of the splenic nerves, a distension of the 
apleen occurs, which is brought about by a dilatation of the 
vessels ; in a few days this subsides, exactly as in the case of 
the vesaels of the ear after division of the cervical sympathetic. 
As for the vessels of the penis, we know, from the researches 
of Loven, that irritation of the nervi evigentes results in 
relaxation of the arteries. It is still, however, undecided 
whether this is really produced by vessel-dilating nerves or 
by a reflex lowering of the arterial tone by the irritation of 
sensory nerves, as in Goltz's percussion experiment. 



In the sympathetic are distributed, not only the vasomotor 
nerves of the thoracic and abdominal viscera, but also thosa 
of the exiremities. Claude Bernard^ beUeved that the vaso- 
motor fibres for the upper and lower limbs do not at first 
form part of the plexuses of the extremities, but, coming 
from the trunk of the sympathetic, join them through the 
rami communicantes. The investigations of Schiff'|| also tend 
to indicate that the vasomotor nervps of the upper extremities 
come partly from the spinal cord through the communicating 

• " DisBertation," Berlin, 18S7. 

Brown.SAiaard'H "Arehiy," t. yi, 1874, p. fi98. 
t PflugEr"B " Arcliiv fiir PhjaioloRiB," Band viii., p. 97, 1H7+. 

I "CompWfl rendQH,"'S62.n,p.228, 400,126; " Jonni. da la PhjaV' V. "" 

II " Nourologiaohe UntunnchungBn," Frankfort »/iii., 1855: 
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branches and join the thoracic part of the ajmpathetic, 
while those for the lower extremities proceed t« the sacral 
portion ; and, further, that there are also vasomotor nerves of 
spinal origin which do not traverse the sympathetic, but pass 
onwards directly in the spinal plexuses and nerve-trunks. 
The brachial plexus thug conveys the vasomotor nerves 
destined for the akin and muscles of the upper limbs {Schiff) ; 
the skin of the trunk is supplied from the dorsal and lumbar 
nerves, that of the lower extremities from the lumbar and 
sacral plexuses (Pfliiger, Schiff). It is only for the lower 
part of both limbs that vasomotor fibres pass directly from 
the trunk of the sympathetic, to which they were conducted 
through the anterior roots of the spinal nerves. 

rV. Seneory branches (acting reflexively). — Whilst the sen- 
sory fibres for the thoracic viscera {the heart and lungs) are 
almost exclusively connected with the vagus, those for the 
abdominal viscera are, for the most part, distributed by the 
sympathetic system. It is for the stomach only that the 
vagus is to be regarded with certainty as a nerve of sensa- 
tion, as the forementioned experiments of Lussana and In- 
zoni deraonstrate. It has not yet been shown whether, in 
addition to it, sympathetic fibres (branches from the solar 
plexus) take part iu the sensory innervation of the stomach, 
as has been often asserted on pathological grounds. 

The sensory nerves of the Intestine appear to proceed from 
the splanchnic nerves. Ludwig and Haftler* found that division 
of these nerves produced very great paip, an observation 
which Nassef corroborates. Whilst the motor and inhibitory 
fibres of the splanchnic supply only the small intestine, the 
sensory fibres, according to Nasse, reach the ascending and 
transverse colon ; the descending colon and the rectum re- 
ceive motor and sensory fibres from the plexus which sur- 
rounds the inferior mesenteric artery. The latter may also 
include sensory filaments for the walls of the bloodvessels ; 
Colin,t at least, holds that the arteries of the abdominal 
viscera are characterised by great sensibility, which the 
arteries of the superficial parts do not possess. 

In passing we shall here mention that formerly, when a 
greater degree of independent action was generally attri- 
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buted to the sympathetic nervoua ajatem, even by emment 
physiologiata (Bidder,* Volktnannt), it waa regarded as the 
centre not merely of motion, but also of sensation, for all 
the vegetative organs of the body. It is clear that at the 
present day we can no longer accept this view; and jnst as 
little importance can be attached to that of Kiittner and 
Volkmann, regarding the possibility of a"Croas-eonduction" 
(" Quer-leitnng,") by transference of sensory impressiona from 
the sympathetic to cerebro-spinal fibres. We can now only 
regard it as possible that sensory filaments pass through the 
sympathetic to the cerebro-apinal system, notwithstanding 
that theae cerebro- spinal offshoots, and the central termina- 
tions of the sensory fibres of the sympathetic (as, for instance, 
those contained in the splanchnic ), are still, to a great extent, 
nnfcnown to ns. 

Budget haa given ns some reliable data regarding the sen- 
sory nerves of the bladder. According to him the sensory 
or reflex nerpea of the bladder and urethra emerge from the 
spinal cord with the 3rd and 4th sacral nerves, and join the 
hypogastric plexua and lumbar part of the sympathetic. 
Irritation of the latter prodnces reflex contractiona of the 
bladder, which do not appear after the third and fourth sacral 
nerves have been divided. Giannzzi§ also, by irritating the 
branches passing from the sympathetic to the hypogastric 
plexua, obtained contractiona of the bladder, occurring more 
slowly, and only after more powerful irritation, than when the 
second, third, and fourth sacral nerves were operated on. 



Besides the fibres which are, properly speaking, sensory 
(amongst which we, according to the present state of opinion, 
can only reckon such as pass upwards to the brain, and make 
their condition of irritation known by distinct aenaation), 
there ia still a large number of centripetal, reflexively-acting 
filaments in the trunk of the thoracic and abdominal aympa^ 

■ " ErfahrimgoD iiber die fimctioDelle Selbatandigkeit des BjmpSithiBcben 
NeryenBjBteniB. Miillor'a Arehiv. fur PhjBialogie," 1H41, p. 359. 

t "Dio SelbBtftndigheit dea BympatliiBcheii Nervenayatemd dnrch Anato. 
miBcbe UDt«rHUcbuiigeii Dochgewiesen," Leipzig, 1S42. EoUiber aaanmed an 
iutennediate poaition ; " Die Selbatandigkcit und AbfaaDgigteit des Bympa- 
thiBcbeo Nerve DBje tenia dnrcli anatomiaolia BeobaelitTingen bewieaein," 1845. 

I Henie'a utid Pfenfer'a " Zeitsohrift fiir rationelle Modicin." Band isi. mid 
ixiii i ■' Wiener mcd. Wochenschrift," 1864. No. 39-11. 

§ Bee Meiaanac's " Jahreabericbt," IS63, p. 404i, 
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thetic. We have already discussed those fibres which have a 
reflex influence on the heart's contraction, the vascular tone, 
and the movements of the urogenital apparatus, and have 
also stated that, as regards many apparently automatic move- 
ments in the viscera, it is doubtful whether they are not 
rather produced, or increased, by the reflex action of centri- 
petal nerves. This refers, for instance, to the peristaltic 
action of the intestine, the reflex origin of which was asserted 
by Henle*, in 1840 ; the seat of this action he, after a series 
of experiments on mammals, believed to he the ganglia 
scattered among the intestinal nerves, a statement corrobo- 
rated by various other experimenters (Budge, | Koellikert). 
yolkmann,§ Longet,|| and Piebford,ir however, disputed the 
validity of these conclusions, at least in so far that they 
found the existence of the spinal cord in its whole length 
necessary to the production of the more extensive movements 
in the intestines. The later and frequently-quoted experi- 
ments of Nasse are partially favoiirable to the possibility of a 
reflex origin through interposed intestinal ganglia. 

Brown-Sequard and Renmb** discovered that division of 
the sympathetic below the uppermost lumbar ganghon, or of 
the CEeliac plexus in frogs and mammals, at once produced 
persistent dilatation of the pupil on the side operated on. 
This phenomenon must obviously be understood to be of 
reflex origin, though the path by which this reflex nervous 
action travels is still quite unknown. 

* " FatliolDgigotte UnterBooliimgeii," 1640, p. 92 ; " Allgemeiae Anatomie," 
p. 724. 

t " Untersiioliiuigeii fiber daa NervenaTHtem." Hefb. Frankfni'l, 1S42, p. 
178. 

i "Die SelbetbidiglcQtt und^bMngigkeitdeBBj^npatbischenNcivcDBystenis," 

I Miiller's Archiv," 1838, p. 29. 

II "Anat. et Phya. du syst&me neryeiEC," ii., p. 077. 
IT "Arehiv. tiir phjB. Heilkande," 18-i3, p. 422. 

•• " Neue BeitrSgB ear Lolire von der Tabes. Becliner klin. WodiBDBclirift," 
1664, No. 11. 
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In this second part of our Essay we shall discuss a nomber 
of diseases which are certainly or probably connected with 
the sympathetic nervous system. 

This connection may result — 

Ist. From the presence of symptoms which resemble, or 
are identical with, those which we recognise as expressions of 
the physiological function of the sympathetic, and which 
we have enumerated and explained in the former part of this 
essay. 

2ndly. From pathological anatomical changes in the sym- 
pathetic nerve. 

Those conditions usually go together, but not invariably ; 
thus, the pathological alterations may be completely wanting, 
or, on the other hand, they may be found in cases which were 
not before suspected to have any connection with the sympa- 
thetic system. 

We begin with the consideration of the affections of the 
cervical sympathetic, afterwards taking up those which pro- 
bably have relation to some change in the thoracic and 
abdominal portions of that nerve. 

I. — Fdhctiobal Distubbakces in the Domain of the 

Ceevjcal Symfathetio. 

These belong to the most sharply defined group of pheno- 
mena met with in the otherwise somewhat obscure pathology 
of the sympathetic neiTous system. The appearances are 
sometimes those of irritation, sometimes those of paralysis — 
approaching in character the symptoms either of experi- 
mental stimulation or of division of the cervical sympathetic, 
the latter* being more common than the former. The 
symptoms of paralysis of the sympathetic in men are rarely 

• In ToiliJQu'B compEirative obeervationa ("Archiv. gen. de MeG," 1869, 
^oAt) there are mneteen cases of pajuljeia and Dine of iiritation of the 
cervical B^mjaUictic. 
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BO pronovmced as those artificially prodnced in animals by 
division, as paralysis seldom attacks all the fibres of the 
nerve, vasomotor as well as oculo-pupillary, as is the case in 
division. 

The conditions vrhich give rise to disturbances of function 
in the cervical sympathetic may, so far as they are known to 
us, he arranged as follows ; — 

(a) Compression of the cervical sympathetic by tumours. 
[6} Injuries to the cervical sympathetic. 
(c) Injury or disease of the cervical part of the spinal 
cord. 

Besides, there occur simple functional disturbances in the 
cervical sympathetic, either alone or accompanying some 
other disease, and without any objectively-demonstrable 
cause. 

In the above order we will now shortly submit the follow- 
ing observations ; — 

A, Compression of the Cervical Sympathetic Nerve hj 
Twmovrs. — Willebrandt* observed, in cases of glandular 
swelling in the neck, a contraction of the pupil, which 
returned to its normal size when innuetiou of iodide of 
potassium had caused the tumours to subside. In cases re- 
ported by Ogle,t Hcineke,J and Verneuil,5 contraction of 
the pupil was brought on by large carcinomntous growths in 
the neck. In the last quoted case there were also symptoms 
showing that the vasomotor filaments were involved — eleva- 
tion of temperature and increased secretion of perspiration 
on the whole of one aide of the face. In another case 
recorded by Ogle,|| the vasomotor and oculo-pupillary symp- 
toms were very well marked, the eompressiou of the sympa- 
thetic being caused by a cicatrix on the right side of the 
neck. There were here, on the right side, contraction of the 
pupil, flattening of the cornea, injection of the conjunctiva, 
congestion of the ear and cheek, dilatation of the temporal 
artery, and elevation of temperature in the cavities of the 




• Willebrandt, " Archiy. fiir Ophthalmologie," 1855, Bd. I., p. 
t Ogle, " Medico-Cliimrgical TranHOCtions," T. ili., p. 398. 
J Heinete, " GreifaWBlder mod. BeitragB," 1860, Bd. ii. 
I Veraenil, ■■ Gaz. dee bapitans." 1S64, J6 April. 
\\ Ogle, " Lancet," 17 April, 1869. 
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mouth and nose. The same phenomena occurred in a case 
reported by da Moulin.* B. Frankelf has lately put on 
record a case of compreasion of both sympathetic neryea and 
of both vagi by a large glandular swelling in the neck, in 
which the vasomotor and ocnlo-pupillary fibres were incom- 
pletely paralysed. Compression of the sympathetic is also 
sometimes caused by aneurism of the aorta, of the innomi- 
nate arteries, and of the carotid: such cases have been 
observed by Gairdnerj Coatea, and others, and in one of them 
the contraction of the pupil disappeai'ed after ligature of the 
carotid. 

Those causes which bring about a state of paralysis in the 
Bympathetie may also produce a condition of irritation, 
together with all the phenomena dependent on such a condi- 
tion ; and according as only the oculo- pupillary, or also the 
vasomotor fibres, are irritated, we have dilatation of the 
pupil alone, or also pallor and a decrease of temperature on 
the corresponding side. OgleJ has published several auch 
cases, especially one communicated to him by Kidd, which is 
interesting on account of the varying character of the 
phenomena— at one time those of irritation, at another 
those of paralysis. It was a case of acute abscess in the 
neck in which, simultaneoualy mth the formation of pus, and 
accompanied by acute pain and ahiverings, there was an 
extreme degree of dilatation of the pupil, which disappeared 
after the patient had had a quiet sleep. On the following 
day the shiverings were renewed, and accompanied by con- 
traction of the pupil; this was succeeded by a paroxysm of 
pain, in which, as at first, the pupil became dilated. The 
same variations were repeatedly observed; and when the 
abscess had been opened, and was progressing towards cure, 
the pnpil assumed its normal dimensions. In the following 
year the lady had another abscess in the same region, and in 
the year after that a third, more deeply situated in the 
tissues, and all accompanied, but to a lesa degree, by the 
same train of symptoms. The phenomena in this apparently 
complicated ease are easily explained. The compression, 
occasioned by the inflammatory exudation and suppuration, 
acted first as a stimulant to the pupillary fibres of the 
sympathetic, hence the mydriasis ; on returning, or on being 

• Da MoQim, "Bnllet. do la 800. de M6d, de Gand.," X872, 
t Priinkel, " Berliner k}iiiische Wochensclirift," 1875, No. 3. 
J Ogle, '■ Med. Chir, TraoBaotiona," T. ilL, p. 398. 
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increased in intensity, tliia compression liad the effect of a 
force which lessens conducting power — thus cansing myosis, 
Possibly also the rigors may be traced to an occasional 
abnormal excitation of the vasomotor filaments in the 
cervical sympathetic. When the bloodvessels of one side 
of the head contract, less blood flows to the medulla oblon- 
gata ; this temporary anaemia stimulates its vasomotor 
nerve-centres, by which means the phenomena attending 
rigors {contraction of the smallest arteries of the akin) are 
developed. 

H. Demme* noticed mydriasis and slight exophthalmos in 
a man suffering from cystic goitre. At th^ examination 
the cervical part of the sympaihdic on the left side was found 
abnormally red, and surrounded by a serous exudation in 
the connective tissue. No changes were found on micro- 
scopic examination. Clearly the swelling here had irritated 
the oculo-pupillary fibres of the sympathetic. We have met 
with a very similar case — that of a patient suffering from a 
vascular goitre almost entirely confined to the right side. 
The symptoms were extreme mydriasis, complete immobility 
of the iris, considerable exophthalmos, and loss of accommo- 
dation power, in the right eye; in addition to these there 
was a persistent lowering of the temperature of the auditory 
meatus of the same side, amounting to 0"3-0*4° C compared 
with the healthy side. The pulse was much accelerated. 
I alabar bean effected a temporary improvement in the 
mydriasis and the accommodative paralysis; local gal van o- 
puncture, also, was followed by a slight decrease in the size 
of the tumour and in the frequency of the pulse. 

We have thus cited instances, first of paralysis, then of 
irritation, of the sympathetic, brought on by the pressure of 
tumours. In both groups the phenomena in the domain of 
the oculo-pupillary fibres (myosis, connected with paralysis, 
and mydriasis with irritation) are of a constant and per- 
sistent nature, while in the domain of the vasomotor fibres 
(reddening or pallor) they are inconstant and transient ; the 
reasons for this are yet unknown, Vulpianf supposes that 
there are vasomotor symptoms in every case of affection of 
the sympathetic, but only at the beginning; that they some- 
times disappear in a few days, or even hours. K such 
patients come under medical observation only at a later 

• Demme, " Wiirabargnr med, ZeitBobrift," 1862, Bd. iii., p. 262 and 269. 
+ Vulpian, " Lepinfl Hur rappareil VBHomoteur." Paria, 1875, j 
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H period, the vaBomotxir symptoma may no longer be reeo^i- 
H sable, and tbia, thinks Vulpian, has led to the erroneous 
H conclasion that these symptomB are frequently entirely wanting, 
H There are many considerations in favour of such a view ; we 
H vrould also add that the Tasomoti>r symptoms, when they have 
H disappeared, may periodically reappear. 

H B. InjuHsa to the Cervical Sympathetic. — The number of 

H exact observations bearing on this point is very small ; there 
H are, especially, almost no recorded eases in which we can 
H assume with confidence the existence of a direct, uncompli- 
H Gated injury, confined to the cervical part of the trunk of the 
V sympathetic. 

' We will first allude to the following case, which has been 

published bj three American practitioners (Weir Mitchell, 
Morehouse, and Keen) in their interesting monograph on 
injuries of nerves.' It was a case of gunshot wound of the 
right sympathetic. The ball had entered on the right side of 
the neck, 4 centimeters behind the ramus of the jaw, at the 
anterior margin of the stemo-mastoid muscle ; it had 
passed through the neck, and emerged immediately below, 
and about 1^ centimeter in front of the angle of the jaw on 
the left side. The wounds were healed in six weeks, but it 
waB only at the end of ten weeks that the patient came 
under the observation of these writers, though a comrade of 
the wounded man had already noticed the unusually small 
size of tliB right pupil one month after the injury. Besides 
this, when the patient was first seen, there were observed in 
the right eye myopia, slight ptosis, apparent sinking of the 
outer angle, decrease in the apparent size of the et/eoall, and 
redness of the conjunctiva. Further, it was repeatedly 
noticed that, after violent exercise, the right half of the face 
was unuswilly red, y/hiie the left side remained pale; this 
was accompanied by pain and reddish flashes of hght in the 
right eye. When the temperature was taken after the 
patient had rested, there was found to be no difference in 
the mouth and ear on both sides ; no observation was made 
when the patient was excited by exertion. He was able to 
return to service five months after receiving the injury. 

This case, while it probably indicates bruising (or lacera- 
tion P) of the right sympathetic by the projectile, gives rise 
,to several remarks regarding the symptoms. We find in it 

• S. Weir Mitchell. George E. MorehoDae, and William Keen— " GuuBbot 
WoanilB aud other InjuriEB of Kervea." Fhiladelphio, 1B&4. 
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nothing which does not receive a sufficient explanation in 
the results of esperimentally injuring the sympathetic in 
animals and from other pathological observations in men. 
The ptosis, the sinking of the outer angle of the eye, the 
apparent small size of the right eyeball, all arise from loss 
of power in certain of the muscles of the eye, which have 
their nerve-supply from the cervical sympathetic, and whose 
special functions we have already discussed. The reddening 
of the conjunctiva and the Sow of tears depend on functional 
derangement of vasomotor nerve fibres which pass from tha 
sympathetic to the first of the branches of the trigeminus, 
and which supply the conjunctival vessels : paralysis of these 
is followed by partial relaxation of the vessels, and increase 
in the flow of blood and of the conjunctival mucous secre- 
tion. The altered refractive power of the eyeball, tha 
myopia, is, in the first place, the necessary consequence of 
the persistent paralytic myosia, and, secondly, may be re- 
garded as produced by the presumed direct influence of the 
sympathetic on the muscle of accommodation (M. tensor 
choroidea), or on detached fibres of that muscle. 

Alongside of this case may bo put one of KampFs* He 
brought before the Society of Physicians in Vienna a soldier 
with myosis paralytica in the right eye, following a wound of 
the cervical part of ike sympathetic of the same side. This 
soldier, in the battle of Orleans, received a stab in the right 
side of the neck, the direction of which was clearly marked 
by a cicati-ix lying on the outer edge of the sterno-mastoid 
muscle. The myosis, evidently due to paralysis of the flbres 
of the sympathetic and to the preponderating influence of 
the sphincter iridis, was in no way improved by the repeated 
employment of electricity. KiimpPa communication contains 
no farther reference to anomalies in the domain of the 
cervical sympathetic. 

Here, also, should be mentioned a case recorded by Seelig- 
uiiiller,t in which, as the result of a gunshot wound, there 
was paralysis of the left cervical sympathetic, and of the 
ulnar nerve. During the Franco- Prussian war an officer, 
twenty-five years of age, was wounded in the left shoulder 
by a chassepot bullet. The orifice of entrance was on the 
clavicular portion of the left stemo-mastoid muscle, 8 centi- 
meters above the upper edge of the collar hone ; the orifice 



t Kimpt, Sitziing der K. K, GeaellBcliaft der Aerz 
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t eoeligmullor, "Berliner Uin. Woohenachrift," 1872, No 4. 
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of exit was to the left of and close to the apinons process of 
the fourth dorsal vertebra : the firat was cicatrized in six 
weeks, and the latter in eleven. Nine months after receiving 
the wound, the following appearances were noted : the left 
palpebi'al fissure was smaller tlian the right ; the left pupil 
more contracted than the right, and dilating ti' a less degree 
when shaded; injection of the vessels of the conjunctiva 
and redness of the cheeks, usually equal on both sides, but 
sometimes more marked on the left side after mental dis- 
turbance ; the temperature in the left auditory meatus 
0'1° C. higher than in the right; a flow of tears from the 
eyes ; strikiiig emaciation of the left cheek, which appeared 
Jlatter thoM the right ; besides all this a paralysis of the ulnar 
nerve. 

The flattening and emaciation of one side of the face 
observed in this case, which also occurred in some others to 
be mentioned further on, appear to occur more frequently at 
- a later stage in paralysis of the sympathetic. At least, 
Nicati* states, as the result of some original investigations, 
that to the first stage of the paralysis a second succeeds, 
characterised by atiophy, pallor, lowering of temperature, 
and arrest of the transpiration, on one side of the face. We 
will a^ain refer to this atrophy when discussing ui]ilateral, 
progressive, facial atrophy, and its relations to lesions of 
the cervical sympathetic. 

Coatinuing the argument regarding injuries of the sympa- 
thetic, we quote a case described by Bernhardt!. On the 
4th day of August, 1870, in the war with France, a German 
soldier was wounded in the left side of the neck by a bullet. 
Two years after the injury there was rather a large cicatrix, 
painful on pressure, situated on the front of the neck, at the 
inner edge of the left sterno-maatoid muscle, and about two 
flngers'-breadth above the left sterno-clavicular articulation ; 
this was the orifice of entrance of tiie bullet. The orifice of 
exit was behind, at the level of the fourth dorsal vertebra, 
and to the left of the spinous process ; here, also, the scar 
was very tender. 

Besides various phenomena depending on a simultaneoua 
injury sustained by the spinal cord, and of which we need 
give no particular account here, there were the characteristic 
signs of paralysis of the sympathetic, clearly caused by 
injwry. The left eye appeared smaller, and less widely open ; 
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the left pupil more contracted, and acting more sluggifihly, 
than the right. The left side of the face was more 
emaciated, at times redder, and alwaya warmer, than the 
right. Lachrjmation was more easily excited in the left 
eye, and the temperature in the left auditory meatus waa 
3i° C. higher than in the right. 
, Occasionally, though rarely, one meets with the same 
/^ symptoms resulting from ijijury that are observed to follow 
experimental irritation of the cervical sympathetic, Seelig- 
muller* has described such a case, A smith sustained a very 
severe blow with an iron implement in the left supra- 
clavicular region, so that he lay stunned several hours. 
Two days later, on coming under medical treatment, it waa 
seen that the left pupil was much dilated, at least one half 
wider than the right, but still responding quite as readily to 
the stimulation of light. The left palpebral fissure waa 
somewhat wider than the right, and the left eyeball pushed 
a httle forward. The whole left side of the neck and head 
(the latter being bald) and the left ear were markedly paler 
than the corresponding regions on the right side. Pulsation 
in the right temporal artery was well marked, that on the 
left scarcely perceptible. The temperature in the left 
auditory meatus was lower than in the right, the difference 
sometimes amounting to 0"l>i-0'9° C, In the left supra- 
clavicular region was a doughy swelling, which disappeared 
in a short time. The ceivical part of the sympathetic at 
Ihe inner edge of the stern o-mastoid muscle was, from its 
middle to the ganglion supremum, very tender. On exer- 
cising pressure on the ganglion, and on galvanic irritation of 
the left sympathetic, the pupil became still more dilated, 
while pressure on the right sympathetic gave no result. 
Eefraction and accommodation in the left eye remained 
normal, which proves that the dilatation of the pupil was 
caused by irritation of the sympathetic, and not by paralysis 
of the oculomotorius. In about five weeks all the symptoms 
had passed off, the vasomotor phenomena having lasted only 
a few days. 

A second case, having a bearing on this part of our subject, 
was reported, in Flenshurg, in 1864, In the war with Deu- 
mark at that time a soldier was wounded in the neck by a 
rifle bullet, and immediately afterwards there waa decided 
dilatation of one pupil. Whether, in this case {of which we 

■ BeeligmiillBr, " Arcliiv. fur PBychiatrie und Nervenkraoklieiten," 1875, 
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have received but a very imperfect report), there were other 
appearances indicating a state of iri-itation of the sympa- 
thetic, we do not know. The patient died of exhaustion, 
after prolonged suppuration; at the post-mortem examina- 
tion it was impossible to find the sympathetic on account of 
the great destruction of soft parts in the neck. 

0. Injwty to the Spinal Cord in the Neck and to the 
Brachial Plexus. — Disturbances of function in the domain 
of the cervical sympathetic, associated with injuries 
of the cervical part of the spinal cord possess no special 
or peculiar character, aa both the oculo-pupillary and 
vasomotor nerve filaments run some distance in that 
part of the spinal cord, leaving it through the anterior 
roots and the rami commuuicantes, and so passing 
over to the trunk of the cervical sympathetic. As 
in cases in which the cervical sympathetic itself is wounded, 
BO after injury of the spinal cord in the neck myosis paraly- 
tica is often met with, from an interruption (of traumatic 
origin) of the conducting power of the oculo-pupillary fibres 
in the medullary part of their course : more rarely this is 
followed by irritative dilatation of the pupil — mydriasis 
spastica. The number of observations relating to this point 
is indeed few, as, in most recorded eases of injury of the 
spinal cord in the neck, the pupillary symptoms and the local 
disturbances of the circulation have received no special 
attention. In about one hundred cases of such injury Rendu* 
found but sixteen in which notice was taken of the state of 
the pupil. He has published two of Desormeaux' cases in 
which, coincident with injury of the spinal cord in the neck, 
there were various changes in the pupil. In the first caae 
the spinal cord was completely disorganised by dislocation of 
the sixth cervical vertebra : during life both pupils were 
greatly contracted, the face and neck of a purphsh red hue, 
the ears very red, while there was no change iu the colour of 
the rest of the body. Thus, in this case, the vasomotor 
fibres for the vessels of the head were also probably paralysed. 
In the second ease there was hEemorrhagic softening of the 
spinal cord at the level of the seventh cervical vertebra, 
produced by fracture in that situation; the patient showed 
great pallor, one pupil widely dilated, and the other some- 
what contracted. Here the irritative phenomena seem to 

* Bendit, des troTiblea fonationela du grand eympatblqne, observes dans 
les plaiea de la Mo611e oervioale. " Arobiy. gen. de mfid.," 1809, Sept., p, 
26G-3S7. 
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have predominated, as may be inferred from the facial pallor 
and the mydriasis. 

In one case of injuiy of the spinal cord, by a fracture of 
the seventh cervical vertebra, Hutchinaon* observed contrac- 
tion of the pupil — a symptom which was wanting in two 
otherwise similar cases. — Finally, we quote a case of injury 
of the spinal cord, recorded by M. Rosenthal,t which occurred 
in the person of a tradesman who had been stabbed in the 
neck, in the neighbourhood of the sixth cervical vertebra. 
Besides paralysis of the upper and lower limbs of the right 
side, he found dilatation of both pupils, especially of the 
left, and a strikingly slow pulse (48 per minute), which 
phenomena lasted four weeks. The patient eventually com- 
pletely recovered. Here, as in the second of Eeudu's cases, 
mentioned above, there existed a condition of irritation in 
the pupillary filaments of the sympathetic, accompanied also 
by a similar affection of the cardiac fibres of the vagus. 

Paralytic rayosis occurs not uncommonly, also, in non- 
traumatic diseases of the cervical portion of the spinal 
marrow, when the oculo-pupUlary fibres are affected. Thus, 
Ogle has observed contraction of the pupil in five cases of 
disease of the spinal cord in the neck ; and lately Baer- 
winkelj has described paralysis of the oculo-pupUlary sympa- 
thetic fibres as a symptom in sclerosis of the medulla oblon- 
gata. In certain forms of tabes dorsaha, especially in that 
called tabes cervicalis by Bemak, contraction of the pupil, on 
one or both sides, is a very characteristic symptom. It has 
been shown that paralysis of the oculo-pupillary filaments 
takes place in some cases of progressive muscular atrophy : 
to this we wil! again refer. On the other hand, it happens 
less frequently that irritative phenomena {such aa dilatation 
of the pupil) result from non-traumatic affections of the 
spinal marrow in the neck. We ourselves have met with a 
case of that nature — mydiiasis spastica from caries of the 
vertebrae. The patient was a boy of eight years, suffering 
from Potts' disease of the last cervical and three upper dorsal 
vertebras. The right pupil was always wider than the left, 
and responded but very feebly to the stimulus of light, while 
the left still preserved its normal sensibility. The diameter 
of the right pupil was S^ Hnes, that of the left only 2 lines. 
The degree of mydriasis present was not the greatest pos- 

• HntchinBoii, " Lanoet," 1875, 21 and 29 May. 

t M. Eosenthal, ■' OcHtBrr. Zoitschiift fiir praot. Hoilknndp,' ISGG, No. 46. 
X Baecwinkel, " ArchiT. furklin. edicin," Band liv., p, 515. 
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sible, a.a instillation of atropine dilated the left pupil to the 
extent of more than 4 lines; the immobility of the pupil, 
also, was not complete, as a very powerful light still produced 
a slight contraction. A low degree of bypermetropia wag 
found on both sides, especially the right ; accommodation and 
definition were normal. No constant or important differences 
in the action of tbe vasomotor nerves of the two sides of the 
head could be recognised. On ophthalmoacopic examination 
it was found that in the fundus of the eye, otherwise normal, 
there was a complete equahty in the size of the arteries and 
veins. The spastic mydriasis remained about four weeks, 
and then gradually disappeared. When the patient was 
dismissed, after three months' treatment, both pupils were 
again nearly equal, the right, however, acting more slug- 
gishly than the left. 

The cause of the mydriasis in this case can be sought only 
in a morbid change in the spinal cord and its immediate 
Hurroundinga, and consequent irritation of the pupillary 
sympathetic fibres ; it is to be looked for particularly in the 
inflammatory processes in the bodies of the vertebra;, involv- 
ing just those vertebra3 (the lower cervical and upper dorsal) 
which correspond to the centrum ciliospinale inferiua. 
Whether it is fi-om simple compression, or from inflamma- 
tion going on in the cord and its membranes, with thicken- 
ing of the latter, and with circumscribed softening, are 
questions which must remain undecided. 

Hutchinson* first observed also that in cases of trati/malia 
paralysis of the brachial plexus there is usually a simultaneous 
paralysis of the cervical sympathetic, manifesting itself by 
myosis with loss of mobihty of the pupil, by narrowing of 
the palpebral fissure, and by a rise in the temperature of the 
corresponding side of the face. Seeligmiillert afterwards 
confirmed Hutchinson's statements. Two instructive cases 
of traumatic paralysis of the brachial plexus with functional 
disturbances, especially in the domain of the oculo- pupillary 
fibres, of the cervical sympathetic came under his observa- 
tion. In the first case, tha.t of a child aged nine months, 
who had sustained a fracture of the clavicle and of the neck 
of the scapula in the actof birth, there was complete paralysis 
of motion and sensation in the right forearm ; there were, 
moreover, some differences observable in the eyes. Much 

■ EntcliinEoD, " Med. Timea and Gaz." 1868, p. 594. 

t SeeligjiiQIler, " Ueber Sjinpatliicua-Affectionen bei Verio tzimg due Pleius 
brachialiB," Eori. klin. ffocbenaolirif t, 1870. No. 26. 
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lesa of the eyeball was seen through the palpebral fiaaure on 
the right side than on the left, in consequence of a marked 
difference in the vertical diameter of these fisaurea j the 
right pupil was at least one half smaller than the left, and 
was on some days contracted to the size of a pin's head, but 
still acting normally under the influence of light and shade. 
With respect to the colour and temperature of the akin, the 
two sides of the face were alike, but in the course of the 
diaeaae a slight but perceptible atrophy of the right aide of 
the face presented itself. The paralyaia improved under the 
use of electricity ; after three months the right pupil, too, 
was not ao contracted aa formerly, but with that exception 
the state of the pupila and of the atrophied parts remained 
unchanged. The second case was that of a man of 34 years, 
who was run over by a railway waggon, sustaining an injury 
to the left breast and shoulder, and fracture of the left fore- 
arm. Three months afterwards there were paralysis and 
emaciation of the left arm, with considerable disturbances of 
nutrition, and complete ansesthesia of the whole forearm. 
The left pupil was ouly half as widely dilated aa the right,' 
but quite aensitive to light, and the palpebral fissure on that 
side was only a very little shorter than that on the right. On 
instillation of atropine the contracted pupil became dilated 
almost as widely as posaible, and in the following 48 hours 
contracted but slightly, though the paper prepared with 
Calabar bean was used. Galvanic irritation of the cervical 
sympathetic, though repeatedly tried, was followed only once 
by a transient dilatation of the pupil ; whilst under this 
treatment, however, the left ear was usually warmer to 
the touch than the right, a sensation which was felt by 
the patient himself. He was a long time under observa- 
tion, but the differences between the pupils remained 
unchanged. 

The phenomen a in the two last-mentioned eases correspond to 
a paralysed condition of the cervicalsympathetic, but only in 
the sphere of the oculo-pupillary fibres, whilst the vasomotor 
fibres appear to be quite unaffected. Whether the trunk of 
the sympathetic itself, or the middle cervical ganglion, or the 
twigs passing from that ganglion to the brachial plexus, were 
injured, remains unknown. 

Further, Baerwinkel,* in two cases of traumatic paralysis 
of the brachial plexus, (produced, in one instance, by fracture 
i dea SjmpatbioiiH." DeatBohes Arohiy. fur 
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of the clavicle, in the other by a gTinsbot wound), observed 
paralysis of tbe oculo-pupillary sympathetic filaments, indi- 
cated by narrowing of the palpebral fissure, ptosis, and con- 
traction of the pupil. 

As far as we know there are no other published cases of 
the occurrence of paralysis of the sympathetic attendant on 
traumatic paralysis of the brachial plexus. Hutchinson errs 
in stating that this coincidental relation is invariaile. We 
ourselves have, with this point in view, examined a consider- 
able number of isolated, usually traumatic, cases of paralysis 
of the brachial plexus, both recent and of long standing, but 
without finding any trace of paralysis of the cervical 
ajmpatbetie. 

There may be disturbances of function in the cervical 
sympathetic which are not referable to any of the causes 
already mentioned, and these may appear in tbe domain of 
tbe sympathetic alone, and not in connection with any other 
complaint. In such cases also, as we formerly atatedj the 
paraJytic condition is more common than the irritative, and 
the oculo-papillary fibres are more frequently and more per- 
sistently afPected than the vasomotor fibres. 

Several cases in point will be mentioned in the next section. 

H. — TInilatekal Hipekidrosis. 
Among the symptoms following division of the sympathetic 
there is sometimes, as CI. Bernard has stated with reference 
to horses, an abnormally profuse secretion of perspiration on 
tbe side of the head operated on. This baa also been ob- 
served in the human aubjeet in paralysis of the cervical 
sympathetic, and sometimes to anch a degree that it was re- 
garded as the principal symptom, and, as such, first attracted 
the patient's attention to his condition. Different cases oi 
paralysis of the sympathetic, in which this was the pre- 
dominating symptom, have been described under the special 
name Hyperidrosis or Ephidrosis unilateralis. On the other 
hand, cases of unilateral secretion of perspiration have been 
recorded, some being confined to one side of the head, some 
extending over greater part of one side of the body, but in 
which other indications pointing to disorder of the sympa- 
thetic were entirely wanting. Setting aside some very old 
observations on this point, which have been brought together 
in a work by Nitzelnadel,* the above statements refer 

* J^itwlnBdal, "Ueber nerrOse Hyperidrosis nnd Anidrosis," Jena, 1B67, 
Inaog. DiBBert. 
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apecially to the more modern contributions of Meachede,* 
Berger,t Wiedemeister.J and others. CaBee of Ephidroaia, 
however, which are with certainty linowa to be dependent 
on paralysis of the sympathetic, are rare. Verneuil and 
Ogle met with some, quoted in the former part of this work, 
Otto§ and Nitzelnadel || mentionone snch, Baerwinkelt several. 
Kulz** describes two cases of Ephidrosis accompanying 
diabetes mellitne, though only the vasothermic, and not the 
oculo -pupillary, phenomena were present. Very aggravated 
cases, in which, besides the hyperidrosis, the other symptoms 
of paralysis of the sympathetic were unmistatably mani- 
fested, have been observed by Chvostek,tt PokrofiskyjJJ and 
ourselves. Our case was that of a man 44 years of age, 
who, after even very moderate exercise, perspired profusely 
on the left side of the face, and occasionally also on the left 
side of the throat and neck. Piraultaneously with the break- 
ing out of the perspiration the left aide of the face and the . 
left enr became red, and the temperature in the left external I 
auditory meatus rose several tenths <J. above that in the 
right. Tliere was also considerable injection in the vessels 
of the left conjunctiva, while lachrymation was sometimes 
more easily excited in the left eye than in the right. The 
left pupil was constantly more dilated than the right, but 
responded to the stimulus of light. Accommodation re- 
mained normal, and there was no interference with nutrition. 
In the neighbourhood of the left cervical sympathetic there 
was some tenderness on pressure, perhaps the indication of 
a state of chronic inflammation of that nerve. It is worthy 
of note in this case that, while the vasomotor fibres were in 
a state of paralysis the pupillary fibres were in a condition 
of irritation. 

Only two opportunities Lave presented themselves for 
investigating the nature of the pathological changes which 
take place in sympathetic hyperidrosis. In one case, 
Seguinlll found no difference between the cervical sympathetic 

• Meacheae, " Virchow'H ArDhiT," Bd, sliii,, p. 139, 
+ Berger, "Virchow'a ArobW," li., p, 427, 
j Wiedemeiatar, "Virehuw'B Archiv." Bd iil.,p. 437. 
i Otto, " Archiv. foi klin. Medicin." BbhA li., Heft 6. 
11 Nitzelnadel, L. o. 

T Baerwinkel, " Archiv. fiir klin. Medioin," 1874. Bd. Jtiv., p. 650. 
•* Knli, " Boitriga Znr Pathologie and Tberapie des Diabetes," 187 
and 27. 

+t ChvoBtet, " Wiener med. Woeh en shrift," 1872. No, 19 and 20. 
tl Pokroftsky, " BarlinBT klin. WocheoBohrift," 1875. No. 13, 
^^ Segoin, '■ American Jonmal of Medical Soioncea," Oct., 1872, 
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nervea of the right and left sides. The ganglionic cells 
seemed to be filled with an unusually abundant granular 
pigment, but this wag equal on both sides. To the naked 
eye also they were alike. Ebsteiii* has recorded the case of 
a man, 60 years of age, who suffered from hyperidrosis of 
the left side, which appeared suddenly after a paroxysm of 
angina pectoris, and subsequently invariably accompanied 
each attack. On examination with the unaided eye no 
change was found in the sympathetic or its ganglia; but 
microscopic examination of thin sections of the ganglia of 
the left sympathetic revealed the presence of extremely 
varicose and dilated vessels, while on the right side no trace 
of such a structure was found. On the basis supplied by 
this discovery Ebatein explains hyperidrosis. He believes 
that these varicosities receive, at different times, a blood 
supply of varying amount. When the quanity is abnormally 
great, some of the sympatlietic nerve elements must be 
temporarily compressed, and so paralysed — exactly as, in very 
vascular new formations in Qie brain, various paralytic 
phenomena occur in different parts of the nervous system, all 
of which disappear when the quantity of blood in circulation 
is reduced. 

III. — Hemiceahia. 
Our conception of the proper nosological position of 
Hermicrania was, till lately, very obscui'e. Old authors (&8 
Wepper, Tisaot) have identified the disease with Prosopalgia, 
especially that form occurring as supra-orbital neuralgia ; 
and Scbonlein, who classifies hemicrnnia among the neuroses 
of the genital system, calling it " Hysteria Cephalica," 
places the seat of pain in the ramifications of the frontal 
and temporal nerves. Even at the present time there are 
not wanting pathologists (Lebert, Stokes, Anstie, Clifford 
Albutt} who look upon hemicrauia as a simple neuralgia, 
affecting the first division of the trigeminus. Believing in 
this doctrine many men have somewhat arbitrarily distin- 
guished between various forms of hemicrania, according to 
the presumed or actual causes giving rise to it. Thus, 
Sauvages speaks of ten varieties of hemicrania, and Pelletan 
of " Migraine stomacale, irienne, uterine, plethorique." 
Jlonneret and Fleury recognise " Migraine idiopathique" 
and " sjmpathique," a classification which is adopted also by 
Valleix. An important step was taken by Eomberg when 
* Ebatein, " Virchow's ArohiT.," J875. Bd. liii, p. 435. 
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he associated hemicrania with the " iTyperjestheaite of the 
brain," with painful affections of the brain, thus defining it 
sharply from the peripheral neural^as, calling it " Neuralgia 
cerebralis.'* Later pathologiata took the same view ; thus 
Leubuacher calls bemicrania the neuralgia of the brain. The 
fact that we are able to loealiae the seat of the pain in the 
brain, or in the parta of it endowed with sensation, does not 
mucb advance our knowledge of the pathogeny of the dis- 
eaae, and Romberg's conception of hemiL'rania as one of tV 
cerebral neuroses is open to the same objection, Romberg 
waa, aa it appears, specially led to that conclusion by the 
sympathetic connections existing between the trigeminus 
and the nerves of special sense, and by the favourable effect 
produced by physical and mental eserciae. But Hasae has 
remarked, with justice, that deciding according to the 
analogies offered by other neuralgias, tbe sympathetic con- 
nection of several cranial nerves, and the reflex phenomena 
resulting therefrom, give no ground for assuming the ramifi- 
cations of the trigeminus within the cranium aa the seat of 
the disease. 

Sixteen years ago Un Bois-Keymond,* from personal 
observation, inferred that his migraine was caused by 
tetanus of the mugcular coat of the vessels on the affected side 
of the head, or, in other words, tetanus in the region supplied 
by the cervical part of the (right) sympathetic nerve. He found 
that during the attack the tempoi-al artery of the painful 
side waa hard and cord-like to the touch, while that on the 
left side was in its normal state. The face was pale and 
sunken ; the right eye small and injected. The pain waa 
increased by everything which raised the blood-presaure in 
the bead (as stooping, coughing, &c.), this increase being 
synchronous with the pxilse in the temporal artery. Towards 
the end of tbe attack the right ear became warm and red. 
These phenomena, the state of tbe temporal artery, the 
bloodleasneaa of the face, the sunken appearance of the right 
eye, show that tbe muscular coat of the vessels of the affected 
side of the head was persistently contracted. On removal 
of the cause which produces this condition of tonic spasm, 
relaxation follows the overaction of the unstriped muscular 
fibres, and the walls of the vessels yield more than usually 
to the lateral pressure. This secondary relaxation explains 
the congestion of the conjunctiva, and the redness and in- 

• Da BoiB-E 
PhjH.," 1860, p 
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creased temperature of the ear, which occur when the 
violence of the attack begins to subside. The vomiting and 
the flashes of light before the ejea which frequently accom- 
pany hemicrania are caused by sudden changes in the iutra- 
cephalic blood-pressure ; and these variations obviously 
correspond to the irregular contraction and relaxation of the 
unatriped muscular coat of the vessels. 

Such a pre-supposed tonic vascular spasm of one side of 
the head can, as we know from physiological facta, have its 
origin only in the sympathetic nerve of the same side, or 
in the medullary centre of the sympathetic fibres involved ; 
that is, in the correspoudiug half of the regio ciliospinalis of 
the spinal cord. Hemicrania is thus to be regarded, not as a 
neuralgia of peripheral nerves or of the brain, and generally 
not as a primary cerebral disease, but as an affection of the 
cervical sympathetic neiTe, or of a certain part of the spinal 
cord. This apparently rash assertion receives strong support 
from a further observation by du Bois-Eeymond. He noticed, 
in the course of the attack, a dilatation- of the pupil on the 
affected side. A medical visitor confirmed this observation : 
and the more shaded the eyes were, the more decided was 
the difference in the size of tlie pupils, exactly as in tetanus 
of the cervical part of the sympathetic. Latterly, during 
and after the attack, the spinous processes corresponding to 
the regio ciliospinalis were painful to pressure. 

Whether, at the end of the paroxysm, there was decrease 
in the size of the pupil in conjunction with the elevation of 
temperature and the redness, was not stated ; but in several 
instances, otherwise identical in type with that quoted, we 
have observed a decided contraction of the pupil on the 
affected side of the head as the attack was passing off. 
ISrunner* remarked in his own case, besides the symptoms 
mentioned by du Bois-Eeymond, pain on pressure in the 
neighbourhood of the upper, and sometimes also of the 
middle cervical ganglion. This tenderness disappeared 
slowly, usually on the following day, and palpitation of the 
heart and acceleration of the pulse were frequently observed 
at the close of an attack. 

Brunner noticed the same symptoms also in the case of his 
mother. We ourselves and some other authors have seen, 
in several analogous cases of migraine, a more or less con- 
siderable increase in the quantity and tenacity of the saliva. 
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'In one ease, Bei^er* found that two pounds of touj^h ealira 
had been discharged. This symptom, also, is to be ctaasified 
with thoae already mentioned, since secretory fibres for the 
salivary glands are included in the cervical sympathetic, and 
irritation of these in animals produces similar effects. The 
question arises, in what relation the tetanus of the region 
supplied by the right sympathetic stands to the hemioranial 
pain, whether it is only a concomitant symptom, or the cause 
of the migraine, that is, of the paroxysmal attacks of pain. 
With regard to this, du Bois-Reyraond has suggested that 
the state of tonic spasm of the unstriped muscles of the 
vessels may itself be that which causes the pain : just aa it is 
felt in striped muscular fibre, in cramp of the calf of the leg, 
and in tetanus ; or in unstriped muscular fibre, in the uterus 
during labour-pains, in the intestines during an attack of 
colic, and in the skin during rigors. Probably this pain 
comes from pressure on the nerves of sensation distributed 
within the muscular tissue ; this pressure, and consequently 
the pain, will be augmented wheu the tetanic muscles are 
more strongly exerted, as, for instance, in the case of cramp 
in the calf when the muscles are extended, either by means 
of the antagonistic muscles, or by the weight of the body, 
the ball of the foot being supported. This also is produced 
in tetanus of the muscular coat of the vessels when the 
lateral blood-pressure is increased. Thus a reasonable ex- 
planatiou is found for the observation that pain is increased 
along with the blood -pressure, and synchronously with the 
pulsations of the temporal artery. 

Brides du Bois-Eeymond's explanation of the pain, an- 
other one appears to us worthy of mention, being perhaps more 
probable and less forced. In the variations in the flow of 
arterial blood, especially in the temporary aneemia of the 
affected side of the head, a shock may be given which 
irritates the sensory nerves of the bead, whether those in 
the skin, the pericranium, the membranes of the brain, the 
sensitive parts of the brain itself, or in all these at once, and 
thus causes the hemieranialpain. Sensory nerves are brought 
into a state of great excitement by changes in the diameter 
of the accompanying and surrounding bloodvessels, especi- 
ally when these changes occur with a certain degree of 
fluddennesa. This condition is met with in very different 
cases of neuralgia, as in facial neuralgia and sciatica, &c. 
• Bcrger, " Zar Pathogenose der Hemicranie." Virohow'a Arcliiv, Vol., Hoft 
3 Bud i, iHl-i. 
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Those neuralgias, alao, which usually foUow herpes zoater — 
which occur most commonly in the body, but souietimea in 
the face and extremities — are very proba,blj to be referred to 
this source. Anomalies of the circulation generally, and 
anasmia specially, have been long ago recognised as important 
causes of neuralgic affections in different parts of the body. 
The aggravation of the heinieranial pain in stooping, 
coughing, &c., and the peculiar effect of compressing the 
carotid, originate in this way. In many cases of migraine 
the pain ceases on compressing the carotid on the painful 
side, butiaiucreasedbycompressionofthecarotidon the sound 
side. In one case, howerer, we observed the opposite — ^that 
the pain became decidedly worse on exercising pressure on 
the carotid of the same (the right) side, while compression 
on the left side at once alleviated it. This case strikingly 
demonstrates the good effects of local anfemia. Probably 
the direct cause of migraine is to be found in the local 
alterations in the circulation, while the state of the muscular 
coat of the vessels, being the most common cause of these 
variations, can be regarded as playing only a secondary part 
in the origination of the affection. The inequality and 
inconstancy of the pupillary and vasomotor phenomena are 
strongly in favour of this view. 

The objection raised by Brown-S^quard * and Althanuf 
against d« Bois-Eeymond'a theory, that, according to the ex- 
periments of Kussmanl aud Tenner, the occurrence of epileptic 
convulsions should be expected in uoilateral vascular teta- 
nus in the brain, is not defensible, since it is proved, both by 
the formerly-quoted experiments of Fischer, and by those 
performed by ourselves, that in unilateral experimental irri- 
tation of the cervical sympathetic convulsions do not occur, 
but always contraction of the vessels and lowering of the 
temperature on one side. The same symptoms occur also in 
pathological cases of nn questionable (mechanical) irritation 
of the sympathetic in men, as has already been in part de- 
scribed in the foregoing section. That there is a certain 
genetic relation existing between migraine and epilepsy is 
beyond a doubt ; snffice it to state that in hereditarily and 
constitutionally predisposed epileptics migraine is one of the 
most frequent accompanying symptoms, both in early life 

■ Brown- Sfiquard. " Dol'hemionmie on migraine, par le Dr, do Boia-Eejinond,' 
Journal de Phys. 18fil, 

t Altbano, " Beitrft^ zoc Pbysiologie and Fatbologia darCinmlation," Dor- 
pat, 1871. 
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and afterwards with fully-developed epilepsy, and that in 
families prone to be affected with constitutional ueurophatio 
complaints some members often suffer from migraine, others 
from epilepsy, and Tarious affections belonging to the same 
group. 

Dn Boia-Reymond has remarked that by no means all cases 
of migraine present the above-mentioned symptoms dui-ing 
the attack ; that especially the difference in the size of the 
pupils in many otherwise very pronounced cases of periodic 
unilateral headache is not observed. He has therefore pro- 
posed the name Hemicrania Sympathico-tonica for those 
cases resembling his own, in which one may assume the exist- 
ence of tetanus in the cervical part of the sympathetic aa a 
patho-genetic force. More recently, MoUendorff,* apparently 
without any knowledge of du Bois-Eeymond's paper, has set 
np a theory of migraine which really amounts to this — that 
hemicrania is due to a unilateral loss of energy in the vaso- 
motor nerves governing the carotid arfary, whereby the 
vessels are relaxed, and permit of an increased flow of arterial 
blood towards the head. In the case recorded by MoUen- 
dorf the rate of the pulse was reduced to 56 —48 per minute, 
the radial arteries were small and contracted, and the pulse 
in the carotid and temporal arteries of the painful side was 
soft and wavy. Compression of the carotid of the affected 
side during the attack instantaneously dissipated the pain, 
which returned with the fii'st beat of the pulse on slackening 
the pressure. On the other hand, the pain was aggravated 
by pressure on the carotid of the other (sound) side. 

Ophthalmoscopic examination of the eye on the painful 
side, in a patient suffering from migraine, showed during the 
attack dilatation of the central vessels, the art. and vena 
centralis retinre, the latter being knotted and convoluted, 
and of much darker colour than usual; the choroidal vessels 
also were enlarged, so that the fundus of the eye was of a 
bright scarlet colour instead of its usual dark-brownish red. 
Sometimes there was considerable injection of the episdral 
vessels as far forward as the edge of the cornea, disappearing 
on subsidence of the attack. The fundus of the other eye 
was normal, the art. and vena centrahs having their usual 
appearance. It is, unfortunately, not stated at what stage 
of the attack the examination was made, though probably it 
was towards the end. In a similar case Bei^er and H. Cohn 

* MQlleiidocfE, "DBborHemioraiiii',"Tiroliow'B"ArcbiT.fiirpatli.Anat," Bd. 
xli, p. 365-395. 
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found the fundus of the eye normal. In several analogous 
cases of migraine we ourselves observed a more or less 
marked contraction of the pupil, sometimes a diminution in 
the size of the palpebral fissures, retraction of the globe of 
the eye, partial ptosis in, and difficulty of moving, the upper 
lid. The ear on the same side was red and hot, and the tem- 
perature in the external auditory meatus was raised 
0"2-0*4° C. The secretions of the akin were increased, and 
sometimes ephidrosia unilateralia occurred. 

It thus follows that there are cases of hemicrania which 
are entirely opposed in character tn that of du Boia-Eey- 
tnohd — that is, in which the striking symptoms are not those 
of spasm in the vessels, of arterial tetanus in the parts supplied 
by the cervical sympathetic, but those of relaxation of tae 
vessels, of arterial hyperemia caused by a loss of energy in 
the vasomotor nerves. These are casea that one might 
designate Hemicrania Wewroparalytica, or a/ngioparalyiica, 
as opposed to du Bois-Reymond's H, Sympatkico-tonica. In 
aueh circumstances the occurrenceof the pain can certainly not 
be explained in the same way as in the former class of cases. 

Our interpretation of the phenomena, however, is applic- 
able here, as the temporary increase of the blood -pressure, 
the greater quantity of blood in the small arteries and veins, 
gives rise, by initation and compression of the nerve elements, 
to the pathognomonic symptoms of hemicrania in exactly 
the same way as in the opposite case — arterial anaemia and 
decreased blood-supply from spasm in the vessels. We know, 
further, from other sources, that increased or diminished 
blood-supply, anaemia or hypersemia, agree closely in their 
action on the brain ; that, for instance, epileptic seizures 
take place both in aneemia of the brain (accorrling to the 
Kussmaul-Tenner experiments) and in hyperaamia of the 
brain (through retardation of the return of venous blood by 
closnre of the vena cava superior*), and that the effect on 
the action of the heart and the frequency of the pulse is quite 
analogous in both conditions, t 

The lowering of the rate of the pulse, which MoUendorff 
does not explain, has been noticed by Landoia in 
hypertemia of the brain and medulla oblongata, produced 
artificially by compressing the superior vena cava ; he has 
observed it also after extirpating both cervical sympathetic 
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nerves, but not when the spinal mHrrovr had been previooBly 
destrojeii or the vagi dirided. This decrease in the frequency 
of the pnlae, which, in congestion of the brain, may proceed 
to arrest of the heart's action, and may be complicated with 
epilepsy, is dependent on a direct, not a reflex, irritation of 
tite medulla oblongata and of the vagi ; division of the latter, 
whilst there is hypertemic retardation of the pulse, is at once 
followed by acceleration of the pnlse. 

Since the centres for most of the vaso-motor nerves of the 
body are situate in the medulla oblongata, irritation of that 
important part of the nervous system furnishes a full expla- 
nation of the fact that the radial arteries are small and con- 
tracted in hemicrania, of the occurrence of icy coldness of 
the hands and feet and cold ahiverings over the whole body, 
and of the suppression of perspiration during the paroxysm 
The last-mentioned symptom, however, is ofben absent on the 
affected side of the head. This contraction of the peripheral 
arteries is followed by dilatation, by secondary relaxation, ic 
may be this which gives rise to the augmentation of the 
secretion of saliva and urine occurring towards the end of 
an attack, and also to the swelling of the liver and hyper- 
secretion of bile, to the gradually developed plethora of the 
abdominal organs, the tendency to bronchial catarrh and 
emphysema of the lungs, which, MoUendorff alleges, even- 
tually appears in persona affected with hemicrania. 

The views advanced by du Bois-Reymond and MoUendorff 
appear to us to be of some importance in the therapeutics of 
hemicrania but in a way quite different to that claimed for 
them by these authors. Du Boia-Eeymond merely hints that 
in the form described by him remedial measures should be 
directed specially to the regio ciliospinalis. M Ollendorff says 
absolutely nothing concerning local treatment ; a.nd yet it is 
specially to local measures, as opposed to the hitherto fruit- 
less general treatment and empiricism, that we should look 
for most beneiit. It is, further, on local experimental evi- 
dence that we found the doctrine that migraine is a periodi- 
cally recurring neurose of the vessels of the head, an aftection 
of lie cervical sympathetic, or of the central origin of the 
vasomotor filaments of the vessels of the head — ^the regio 
ciliospinalis of the spinal cord, Bernatzik" ascribed the 
weU-known efiects of caffeine and quinine in cases of migraine, 
in the stage of relaxation which follows the primary spasm 
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of the vessels, to decrease in the quantity of blood in the 
vessels of the brain ; he represented the operation of these 
remedies as depending really on irritation of the vasomotor 
nerves, on increase of the arterial tone. It is possible that 
the above-mentioned remedies may he of special use in those 
cases of migraine that we distinguished as neuro-paralytic 
or angio-paralytic, in which, during the attack, the moat 
prominent symptoms are those of relaxation of the vessels 
and of arterial hyperemia. 

We onrsetves met with a case clearly belonging to the last 
category, in which quinine had a rapid and surprising effect. 
The ease was that of a boy, eight years of age, who suffered 
from a daily attack of hemicrania in the left side of the head ; 
it began usually about raidoight, and lasted till the forenoon 
of the following day, gradually declining in intensity. The 
boy had previously recovered from what was said to be 
" Scarlatina sine exanthemate," and was, besides, affected 
with torticollis spasticus from contraction of the left stemo- 
mastoid muscle; no fnrther etiological indications were 
found. Both sides of the face were usually the same in 
colour ; at the height of the attack, however, the left side ot 
the face and the left ear were of a deep red colour and 
(especially the ear) warm to the touch, while, on subsidence 
of the pain, this relation often appeared reversed. The 
upper part of the fatie, the forehead and orbital region, took 
no decided part in these changes, and no difference in the 
size of the pupils was observable. On the eshihition of 0'5 
gramme of sulphate of quinine his usual nightly seizure did 
not occur, but returned next night as before. A second 
similar dose was followed, first by a slight relapse, and then, 
by complete recovery, which has lasted till the present time, 
five months from the appearauce of the last attack. 

In accordance with the preceding view, another drug re- 
commends itself for further trial in cases of the angio- 
paralytic variety of migraine — the extractum secalis cornuti 
aqnosnm — which, we know, causes contraction of the blood- 
vessels, an action which, according to Wernich, Holmes, 
Vogt, and others, probably takes place partly through the 
vasomotor nervous centra in the medulla oblongata. We 
ourselves, Berger, and others have used this remedy, which 
has abeady been highly praised by Woakea,t in cases of 
hemicrania that were decidedly of an angio-paralytic 
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character. We administered it both internally {0-6-0'9 
gramme daily, iii the form of pill} and subcutaneoualy, with 
very considerable relief to the symptoms. 

Another remedy, lately employed for the first time, appears 
destined to play an important part in the treatment of easea 
of the ay mpathi co-tonic variety of migraine — at least, as a 
palliative. This is nitrite of amyl, introduced by Guthrie in 
1859. The indication for its use is based on the fact that it 
dilates the bloodvessels, whether by directly acting on their 
contractile elements (Richardson, Lauder Bmnton, Wood, 
Pick), or by paralysing the vasomotor nervous system (Bern- 
heim, Filehne), is still undecided. Wteu inhaled, it pro- 
vokes coughing, and occasions intense redness of the face, a 
sensation of heat in the face and head, and injection of the 
conjunctiva; it quickens the pulse by^O-SO beats per minute, 
lessening the tension in the radial artery. Further inhala- 
tion may even cause syncope. 0. Berger * used it in a case 
of migraine of the sym path ico- tonic type with an almost 
instantaneously successful result. The patient, an unmarried 
lady of 24 years of age, suffered many years from a migraine 
of the left side of the head, occurring regularly at the other- 
wiae normal catamenial periods, and occasionally, also, in 
the intervals. The attacks usually began in the morning, 
reached their greatest intensity about dinner-time, and lasted 
with still considerable severity till late in the evening. There 
was also a feeling of exhaustion on the following day. During 
the attack the left side of the face was pale and sunken, the 
temporal artery very prominent, hard to the touch, and pul- 
sating so strongly as to be almost audible to the patient. 
There were frequent ahiveringa over the whole body. There 
was no very evident reddening of the face or ear of the 
affected side, and the appearance was pretty much the same 
throughout the whole day. On the other hand, she noticed 
that now and then, in the intervals when she had no pain, 
sometimes without nny assignable cause, and occasionally 
when emotionally affected, the left side of the face and the 
left ear became intensely red, contrasting with the colour of 
the right aide. On inhaling five drops of the nitrite, the 
pain was as if charmed away. She first felt as if the blood 
were rising to her face, and had a certain confused sensation 
in the head, but the violent, boring bain of the migraine 
itself had disappeared. Vomiting did not occur. She was 
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able to take dinner, but towards evening had to retii'e to rest, 
as she was in a not unpleasant state resembling intoxication. 
At this time she was strikingly pale, but showed no farther 
evil after-effect, and next day was perfectly well, Berger 
directed her to use only three drops on being again attacked, 
to repeat the inhalation in a quarter of an hour if she thus 
obtained no good effect, and even to increase the dose to 
6-8 drops. 

Besides Berger, Vogel and Hoist* extol the virtues of 
nitrite of amyl in migraine. Hoist made some experiments 
on himself and on five patients who presented typical symp- 
toms of spasm in the muscles of the vessels. Inhalation of 
3-5 drops produced a sensation as if the blood were rushing 
to the head, the face became i-ed, and if the inhalation were 
not suspended, momentary insensibility occurred. At the 
same instant, however, the pain in the head vanished. In 
the case of Hoist himself, and in that of one patient, 
motion caused the pain to return in a few minutes with all 
its former violence ; two other patients, who remained quiet, 
had a relapse in an hour ; another, who kept perfectly still, 
was not only relieved of that paroxysm, but the next re- 
mained absent longer than usual, and was also removed by the 
nitrite of amyl. 

Hoist also observed in himself that in well-marked attacks 
of migraine drinking freely of anything warm gave instant 
relief when a general perspiration broke out. This he 
explains by relaxation of the vascular system, which was 
previously in a state of tonic contraction. 

'i'he beneficial influence of the inhalation of carbonic acid, 
much lauded by A. Mayer,t may be traced to the fact that 
this gas, by paralysing the vasomotor nerves, removes a tem- 
porary state of spasm. 

The constant galvanic current is another remedial measure 
that may lay claim to great importance in the different forma 
of migraine. It appears to be better adapted for the treatment 
of this affection than any other means we know of, inasmuch 
aswecanexerciaeareal and powerfulinfluence, strictly locahsed, 
and exactly regulated as to quantity and quality, on the cer- 
vical sympathetic nerve and the upper part of the spinal 

• Ho]«t, " Deber das Wbbgii der Hemikranio und ilire eleotro-therapentiBcha 
Behandlnng nach der poliume Metliode." Dorpatti med. Zeitachrift, 1G71. 
Bd. ii, p. 281-228. 

t " Wiener mad. PreBBe," 1865, No. 46, p. 1123. 
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cord. Benedifet,* Trominliolcl, t FiebeJ-,1 M, Rosenthal,^ 
Althaus.ll and others, have written on this subject; it vras 
Holst,ir howeTcr, who first introduced the really methodical 
and rational use of the constant current, on Brunner's polar 
system, in the different forms of migraine. His practice is 
to put one electrode on the cervical part of the sympathetic, 
at the inner edge of the stemo-mastoid and in contact with 
a considerable surface, and to establish communication with 
the other electrode, which is held in the palm of the hand. 
Tn hemicrania sympathico-tonica the anode is placed on the 
sympathetic, and a battery of 10-15 elements used; the 
circuit is suddenly closed, and the current, after being passed 
2-3 minuteSj is gradually reduced in strength. This is copied 
from Brunner's mode of proceeding in irritable conditions of 
the auditory nerve. In hemicrania neuro-paralytica the 
cathode is applied to the sympathetic, and the circuit is not 
simply closed, but is made to produce a more powerful effect 
by repeated interruptions or by reversing the current. The 
first-mentioned method, which directly diminishes irritabi- 
lity, wae most often resorted to by Hoist, especially in cases 
in which the condition of the muscular coat of the vessels 
was doubtful, as he regards an abnormal irritability of the 
vasomotor nervous system of certain parts of the head as the 
primary cause in every hemicrania, even in those which are 
characterised secondarUyhy a paralytic state, and he believes 
that by lessening this abnormal irritability the tendency to 
secondary relaxation of the walls of the vessels is probably 
overcome. Hoist's own results, in about thirty cases, are, 
on the whole, in favour of this method of treatment. For 
details we must refer to the original work, only remarking 
that in all cases in which there is spasm of the vessels there 
is considerable improvement a few seconds after passing the 
current, the anode being placed on the sympathetic, and that 
this is often conjoined with a sensation of warmth in the 
head and heat and redness in the ears. 

In one very obstinate case of hemicrania of the neuro- 
paralytic type (the face being flushed and hot during the 

.■■ Wion,1868. 

3 nnd ihre Heilnng dnrcb Eleotrieitit," Pest, 

t Fieber, " Canippndimn der Eloktrotherapie," Wien, 1869,p. 120. 
i M. Boeentlial, " Handbnch der Diagnoatik ond Therapiedoi " 
beiteo," Etlangen, 1870, 

11 Althana, " Treatise on Vedical Electricity,'' Sid edition. London, 
^ Holat, I.O., p. 27B. 
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paroxysm), which nevpr entirely intermitted, but took the 
form rather of a aeries of esacerbations and remisaiona, 
occurring in the person of a girl of 17, treatment by the 
interrupted galvanic current, the cathode being applied to 
the sympathetic, gave marked relief; though this did not 
last long, perseverance in the use of the same means for 
weeks was thus far successful that the painless intervals 
gradually became longer than the attacks, and subsequent 
treatment by reversing the current was followed by still more 
decided improvement. 

IV. — Gi^ucoMA. Neckobetinitis. Ophthalmia. 
Neubopaealytica. 

In this section we discuss the imperfectly known connec- 
tion which exists between certain diseases of the eye on the 
one hand, and functional disorders in the domain of the 
cervical sympathetic on the other. 

We will first consider: — 

Glaucoma. — This disease consists, as is proved in v. Grafe's 
celebrated works, of an increase of ike intraocular presswre. 
Inflammatory changes {choroiditis and disorders of nutrition 
in the vitreous body} may, as a rule, be regarded as the causes 
of this increased pressure. Bemak, however, expressed the 
opinion, unaccompanied by any very convincing arguments, 
that glaucoma may have its origin in primary disease of the 
spinal cord. Adamiik and Wegner have observed, in their 
investigations on the dependence of intraocular pressure on 
the agency of the cervical sympathetic, that the latter has a 
great influence on the glaucomatous process, Adamuk 
believes that the ultimate cause of glaucoma is not increased 
presanre, but obstruction to the return of venous blood, pro- 
duced by loss of elasticity in the sclera, which, again, is the 
result of inflammation ; and that the sympathetic is only 
thus far involved — that irritation of it is followed by con- 
traction of the arteries and overloading of the veins in the 
fundus of the eye, and by increase of tension. 

Wegner, who examined two cases of glaucoma simplex, 
accompanied by neuralgia of the trigeminus, has come to the 
conclusion that the sympathetic vascular nerves may, in three 
ways, take part in the production of glaucoma : they are 
either directly concerned in the inflammatory process, or 
irritated by pressure, or stimulated, reflexively, by the sensory 
trigeminus nerve ; he referred to the latter cause the two 
cases mentioned. 
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Hippel aud Griinhagen reject this explanation, being of 
opinion that both acute glaucoma and glaucoma simplex, 
without any inflammatory symptoms, proceed directly 
from the trigeminus, irritation of which occasions, according 
to them, an increase of the intraocular pressure. They stale 
that the less the vascular tone {which is dependent ou the 
sympathetic), the more readily does this increased pressui-e 
appear, as tonicity counteracts the tendency to auch increase, 
(We think ourselves justified in omitting to mention here the 
numerous theories of glaucoma not directly connected with 
the sympathetic.) 

Illustrative clinical instances of the disease are very 
rare. In various cases of mechanical irritation, or 
compression of the cervical sympathetic, we noticed no 
glaucomatous phenomena ; in one case, formerly described 
(irritation from goitre on the right side), there was a 
considerable degree of tension of the globe, which, however, 
never assumed any other than a physiological character ; 
after being some months under observation no arterial pulse 
or excavation of the papilla appeai-ed. 

Homer,* Baerwinkel,t and ychmidt-Rimpler,J have, in 
some cases in which there was presumably paralysis of the 
sympathetic filaments, observed increased tension in the eye. 
According to Schmidt-Itimpler§ the existence of an influence 
exerted by the sympathetic on increase of intraocular pres- 
sure, and thus on the occurrence of the glaucomatous process, 
is not to be denied ; nevertheless, this state is found more 
seldom, and to a slighter degree, than that resulting from 
disease in the trigeminus. 

Newroretinitis. — Benedikt|| teaches that the sympathetic 
system oft-en plays an important part in causing those 
intracranial, limited regional diseases (" Heerderkrankungen ") 
which lead to secondary affections of the optic nerve, or 
retina. 

The forms of disease under consideration are those described 
as Neuritis, Atrophia descendens, and " engorged papilla." 
Benedikt declares that it is an unsatisfactory explanation of 
the phenomena to assert the existence of a " neurore- 

• Homer," Ueber eine Form vod Ptoaie." Klin. Monatabl. Eiir Angenheilfcunilo. 
1869, Tii., p. 193 ; Nioati, " Lb paralysie da nerf Bympathique oervioal," 1873. 
+ Baerwinkel, " Archir. fvic kliuische Madioin," 1874, Bd. liv., p 549, 
t Schmidt-Rimpler, ' Klin Monatebl. tiir Angenheilfcunde," xii., p. 8B8. 

I "Hftndbooh der Ophtbalmologie," Bd. v. (1875), p. 98 and 99 (Capitcl 
" Glanconi''). 

II Benedikt, " ElektioUiempia." Wien. 186S, p. 253 S. 
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tinitis,'' and an engorgement of the retinal vessels {v. Grafe)* 
arising from increase of intracranial pressure. He advances 
the theory that in the local diaeaaes within the cranium one 
has often to do with antecedent or accompanying neuroses 
of the sympathetic vasomotor fibres; that the symptomatic 
neurorelinitis, in most cases, depends on a morbid condition 
of the sympathetic, which is, further, a symptom observed in 
various other cerebral disorders. In the same way also he 
endeavours to explain the occurrence of other symptomatic 
phenomena — such as functional derangements of the auditory 
nerve in diseases of the brain, secondary affections in parts 
of the brain which are situated at a distance from the 
original limited diseased area (such as the sympathy shown 
in the cortical substance of the brain in cases of tumour in 
the pons), and hydrocephalus in those cases in which the 
idea of the extension of the morbid action to the walla of the 
ventricles by continuity of tissue is out of the question. 
These views, so ingeniously woi'ked out by Benedikt, may, 
doubtless, greatly help us in understanding the causation 
of many secondary disturbances oi the circulation in local 
cerebral diseases ; as regards specially his conception of 
" nenrore tinitis," however, as a secondary, sympathetic 
nenrose, it seems to us to be very deficient in positive, con- 
firmatory evidence — at least his presumed sensibility nf the 
sympathetic in the neck, and the therapeutic success follow- 
ing galvanization irf the sympathetic in chronic diseases of 
the brain, are of little value in this respect. 

H. Schmidt'sf experiments have lately demonstrated a 
direct communication between the subarachnoid space and 
the lamina cribrosa, and supply a good explanation of the 
occnrrence of the engoi^ed papilla and simple white atrophy 
when the intracranial pressure is increased. The former 
difficulties in the way of giving a reason for engorgement of 
the retinal vesselsj are thus removed ; while, on the other 
hand, in most eases of engorged papilla and simple white 
atrophy, they render superfluous Benedikt'a supposition that 
the neuroretinitis is a" secondary sympathetic nenrose. 

• r, Grate, "Debar NeororetinitiB/'Archiy (to OphthaliDologie.lSSG Bd. lii., 

IT Enstebnng der Btttanngapftpille bei HimleidBn." Archiv. 

I ffir Ophthalmolofiie, 1869, Bd. it., p 193 

t BeBeman (ArahiT. fur Anat nnd Phjs 1860, p 154) Bhowed that ccmpree- 
n of the cavcmouB biiiiib is cot followed, as v. Grafe belleveJ, by frcoat 

1 engorgement in the retinal TeJDB, aa tbe Tetum of blood, bj direct cooimanica- 
n with (lie anperiicial veins of tho face, ia quite free eoough 
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With respect to tbe ipflaence esercisud by tbe cervio< 
By m pathetic on the occurrence of 

Ophthalmia neuroparalytiea {an influence the existence c 
which IB not improbable, bearing in mind the fact that 
vasomotor fibres pass from the sympathetic to the trigeminus) 
we quote an observation made by Walther,* and meutioned 
by Henle.f Here, after division of the sympathetic in extir- 
pating an aneurism of the carotid, o^jhtbalmia appeared ; the 
disturbance of the circulation, however, following such an 
operation, may, perhaps, alone suffice to account for the 
ophthalmia. Accordiug to Sinitzin's formerly-quoted (some- 
what untrustworthy) experiments, division of tbe sympathetic 
should rather ward off ophthalmia, as it lessens the irritability 
of the globe of the eye ; he states, nevertheless, that ligature 
of the carotid on the corresponding side equalises thedifference 
in irritability, and does a.\\'a,y with tho consequences of 
extirpating the sympathetic. 

V. — Pbogkesbivb Facial Hemiateopht. 

In a former part of this paper we mentioned some eases in 
which mechanical injury of the cervical sympathetic was 
followed by emaciation of the corresponding side of the face. 
There is a well-known disease which is characterised by 
atrophy of one side of the face, usually first attacking the 
superficial soft pails, and then the deeper tissues — a disease 
which has been called Prosopo%«morpAia by Bergann, iVewro- 
tic facial atrophy by Samuel and Baei'winkel, "Apla^ 
lamineuse pTogressive" by Laude, and progressive facial 
hemiatrophy by others. Eomberg and Bergson, and, at a 
later date, ^amuel, regarded it as connected with the nerves 
of nutrition; while Stilling believed it to be the result of 
disturbed function in the vasomotor nerves, especially in those 
filaments included in the trigeminus, and destined for the 
vessels of the head. Stilling's view, that there is diminished 
reflexion from the sensory nerves of the vessels to the corres- 
ponding vasomotor nerves, is somewhat strained, and it might 
easily be shown that the vasomotor nerves of the face take a 
direct share in the morbid action, especially those which form 
part of the trigeminus, as in the cases recorded by Axmann, 
fiiiter, and Lthers, 

Baerwinkel endeavours to show that in the cases observed 
by him, in which there was atrophy in the region supplied by 

• ' Grafe'B and Walthers Jonmiil." ixii 1840, p 549, 
t "Nerrenlehre," p. 570. 
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the iiifraorbitjil nerve, we must admit the existence of disease 
in the spheoo -palatine gangiion. But Lande has lately 
denied that the cQsease has a neurotic origin, and maintains 
that we have to do with a genuine and primary atrophy of 
the fatty tissues, that the elastic tissue remains unaffected, 
its retraction causing the falling in of the other soft parts 
and contraction of the capillary vessels, the latter leading to 
further disturbances of nutrition. Nevertheless, many con- 
siderations render this hypothesis doubtful; it would not 
exclude, as Lande himself admits, the co-operation of nerves 
of nutrition (the existence of which he erroneously regards 
as demonstrated) in the production of the disease, since the 
primary shrinking of the fatty cellular tissue might possibly 
itself depend on a lesion of the vasomotor nerves of nutrition. 
We will not here further discuss these relations, but only 
state that till very lately we were in possession of so few facta 
that would justify us in believing the disease to he in any 
way related to the sympathetic, that attention had been 
turned rather to the vasomotor nerves of nutrition included 
in the trigeminus. Since, however, these fibres, before join- 
ing the trigeminus, are for the most part contained in the 
cervical sympathetic, there is still some possibility of the 
latter being involved, and the possibility is indirectly rendered 
more probable by the circumstance that slight atrophy of 
side of the face is observed in some cases of injury of the 
sympatlietic in the neck. Brunner* has lately recorded one 
striking case of unilateral atrophy of the face, which he 
believes points to a diseased state, a condition of permanent 
irritation, of the cervical sympathetic. The case occurred in 
the person of a Jewish lady, 27 years of age, who, during 
pregnancy, had an attack of convulsions with loss of con- 
sciousness, and afterwards repeated epileptic seizures. For 
a long time these attacks followed regularly on each faradisa- 
tion of the facial muscles, and were ultimately associated 
with difficulty of breathing and palpitation. In the course 
of four years an atrophy of the left side of the face was 
gradually developed, the hair of the head and the eyelashes 
became grey, and several yellow and white spots appeared on 
the skin, which alterwards assumed a yellowish brown, or 
brown colour. Ihere was also a feeling of pressure and cold 
in the left eye, pain in the whole left side of the face, and in 
the jaw and throat ; violent pain in the neck and chest, as 

' Peterabnrger 
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far down aa the reffion of the atoniiich, the Utter seasiitiona 
preaumably only on the left siile. The frontal and temporal 
muBcles were fnund to have almost qiiite disappeared, and 
the zygomatic! and the other moaclea of the angle of the 
moiith, of the nose, and lips, more or less atrophied, and 
some of them at the same time contracted ; their electro- 
muscular contractility was intact. The external part of the 
left ear was, on the whole, much thinner, smaller, and cooler 
than that of the right. The left eye ap^ieared lai^er than 
the right, the palpebral Jigeure wider, ajwl the ^eball more 
prominent, the pupil more dilated aTid sluggish in its action. 
The conjunctiva was rather pale, its vessels being sparingly 
filled with blood ; the secretion of tears and mucos was 
diminished. The akin of the whole face was very thin and 
dry, and the subcuta neons fatty cellular tissue almost entirely 
absent, Oue side of the face was always paler, even when 
reddened by heat, cold, or mental changes ; it took almost 
no part in pei'spi ration, only the naaal fold being somewhat 
moist. The tempei-ature in the right aide of the mouth was 
^° C. higher than in the left, and in the right auditoiy 
meatus about 1° higher than in the left. There was pain on 
pressure on the left ganglion cervicale supremum, but none 
on the right ; pressure on the ganglion cei-vicale medium on 
both sides produced slight paiu. Ihe heart sounds were 
clear, but in-egulaj'ly accentuated, the same being the case 
in the carotid sounds; frequency of pnlse variable, 86 — 100 
in the minute. 

Brunner thinks that the symptoms in this case correspond 
to the state experimentally produced in animals by galvaniza- 
tion of the divided cervical sympathetic, or its ganglion 
Buprenium. The dilatation of the pupil,its sluggish action, 
the widening of the palpebral fissure, the exophthalmos, the 
scanty secretion of tears and mucns, the feeling of tension 
in the eye (as in glaucoma), the lowering of temperature on 
the whole leltside of the face, the absence of perspiration, 
Ac, are to be explained in this way ; and the formerly men- 
tioned cases of Ogle and othei-s show that very similar 
symptoms accompany pathological irritation of the sym- 
pathetic. Brunner concludes that a more lasting, or 
constant irritation of the sympathetic (perhaps of inflamma- 
tory character, or caused by a tumour) gave rise to a 
persistent state of spasm in the blood vessels, and to the 
ti'ain of symptoms already described in his case. The 
tation of the heart is also to be referred to deficient innerve^ 
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tion bj the sympathetic ; and the same may be said of the 

epileptic seizures which follow spoam of the vessels of the 
medulla oblongata or the basilar parts of the brain, and, 
possibly also, aceoi-ding to Benedikt and Meynert, of the left 
hippocampus major. Braoner farther believes he has proved 
that the trigemiaua and facial nerves have no connection with 
it, and that the slight pains in the atrophied side of the face 
are perhaps to be explained by mnscular sensation, or dis- 
turbance of nutrition. In accordance with his view of the 
case, Brunner cantiously employed the galvanic current, long 
continued, of weak tension, of few elements, and as constant 
as possible, confining its action to the two upper cervical 
ganglia. Galvanization practised in that manner was at 
once followed by quieting of the heart's action and slight dila- 
tation ofthepupil, while the affected side of the face became 
red and covered by a profuse perspiration. Brunner reckons 
on obtaining successful results from this method of treat- 
ment on the supposition that, - as is probable from the 
persistence of the symptoms of irritation and the pain on 
pressure on the upper ganglion, we have to do with an 
irritation or chronic inflammation of the latter, not with a 
malignant degeneration. 

In one case, observed by us, galvanization produced 
reddening of the affected side, which lasted some hours, yet, 
after having used the constant current some months, we 
could not boast of any permanent good result. In this case, 
however, we had no decided symptoms of an affection of the 
sympathetic. 

VT. — Progressive Muscular Atrophy. 
Although Cruveilhier and Aran are usually regarded as the 
original discoverers of progressive muscular atrophy, and, to 
a certain extent, with justice, the celebrated work of Sir 
Charles Bell* contains not merely a record of several cases of 
it, but also the first attempt at a physiological explanation of 
its cause. Especially interesting is one observation (No. 
Ixxxvi.), under the heading" Local paralysis of the muscles of 
the extremities. "t "These affectionsof particular muscles, or 
classes of muscles, iujply a very partial disorder of the nerves. 
A disease of the brain, or a disease in the course of the nerve, 
must influence the whole limb, or that portion of it to which 

■Buchungendea Nerven- 
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the nerre or nerves are distributed. But in these cases par- 
ticular subdivisions of the nerves, included in the same 
sheath, or running the same course, are affected. 1 am iu- 
clined to attribute such partial defects to the influence of 
visceral irritntion. In that case it must still be the influence 
of the eympatlielic nerm which produces it ; and, yet, on the 
other hand, it seems impossible to account for such entire 
loss of motion without the intermediate inflaence of the 
brain." Insufficient as Bell's ar^rument must appear to us 
now, the first reference to the sjmpiithetic nerve as the seat 
of the primary lesion, is not without interest. This allusioa 
appears, nevertheless, to have met with but little attention, 
as Abercrombie describes the disease as a local nervous affec- 
tion, and Romberg aa a spinal paralysis, while the later 
authors regard it as of myopathic origin (Aran), or as an 
atrophy of the anterior roots of the spinal nerves (Oraveiihier). 
Besides these, various other theories have been propounded, 
tracing it principally to changes in the spinal marrow, espe- 
cially in the anterior columns (Lockhart Clarke, Charcot, 
&c,} ; these views are more or less generally accepted, and 
we will not now further discuss them. 

To Schneevogt* belongs the merit of first drawing atten- 
tion to the accompanying affection of the sympathetic, which, 
in earlier examinations, appears to have escaped observation. 
In the ease investigated by him the brain and spinal cord 
were normal as far downwards as the fourth cervical nerve, 
and considerably softened, and extensively infiltrated with 
finely granular fat and granulation cells, from the fifth 
cervical to the second dorsal nerve ; the posterior roots of the 
cervical nerves were unchanged, the anterior strikingly 
thinned, especially the five upper, which consisted only of 
some very slender filaments. The cervical part of the sympa- 
thetic was converted almost into a cord of adipose tissue, in 
which the nerve-fibres were replaced by flat cells containing 
crystals. The cei-vical ganglia had almost completely degene- 
rated into fatty tissue, while the thoracic part of the sympa- 
thetic likewise contained some fatty matter. The spinal 
gangha and vagus were normal. Amongst the peripheral 
nerves the left ulnar especially showed striking changes. 
Schneevogt accordingly feels bound to support the doctrine 
that the disease is of a central origin, and includes both an 

, p. 218, See Schmidt's 
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affection of the anterior roots and a disturbance of the 
sympiLthetie, or of the innervation of single gan<^lia. 

Whilst iu moat of the later cases, with the aole exception 
of Sehneevogt's, the examination of the sympnthetic and 
ganglia aeems to have been neglected, Jaccond,* on the 
contrary, nndertook this investigation in two casea, and 
attained positive results. 

The two patients in question died in August and Septem- 
ber, 1864, the one of asphyxia, fVom paralysis of the inspi- 
ratory apparatus, the other of gangrene of the lungs. In 
both there was al.rophy of the anterior roots in all the 
cervical and the three or four upper doraal nerves. On 
microscopical examination the white and grey substances of 
the spinal medulla were found unchanged. On the other 
hand the sympathetic in both caseit showed ajiltro-fatty degenera- 
tion. The whole cervical part was transformed into fhrovia 
connective tissue of decidedly old standing, in which were seen 
many spots of fatty inHltration : the nerve fibres were 
secondarily atrophied, and that to a greater degree than in 
the spinal roots. The ganglion cervicale supremnm was only 
in the fli-st stage of the proceaa, there being considerable 
hyperplasia of the cortical and interstitial connective tissue, 
but no atrophy of the nerve elements, the fibres, as well as 
the ganglionic cells, appearing intact. In the rami commu- 
nicanteswas found atrophy of a nature corresponding to the 
condition of the anterior routs ; the median nerve contained, 
amongst many healthy fibres, also some that were patholo- 
gically changed (simple atrophy, absence of the medullary 
shealh, and even of the axis cylinder) . Jaccoud regards it as 
unquestionable, from the stages of the different processes, tliat 
the disease began in Ote cervical part of the sympathetic, and 
spread therice both eentripetally (by the rami eommunieantes 
and the anterior roots) and centrCfugally (as is indicated hy 
tiie partial affection of the media/n nerve). 

Changes in the sympathetic are also mentioned by Swar- 
zeoski (atrophy of the trunk and of both upper ganglia), and 
by Dom^nil (idbro-fatty degeneration of the cervical and 
thoracic parts, considerable hyperplasia of the connective 
tissue, atrophy of the nerve-hbres, and regressive metamor- 
phosis of the ganglionic cells). 

In the gi'eater Dumber of recorded cases no accurate esami- 
nation of the sympathetic system was made ; its integrity, 
however, is specially aihrmed by many good observers — 
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Landry, rrommann, Menjaud, Hayem, Chai'cot and Joffroy, 
Dumenil (in three caaes), and Friedrich (in six eaaea). 

LubimofF,* on Charcot's suggestion, thoroughly examined 
the sympathetic — (the . cervical and thoracic parts, and 
abdominal ganglia} — in two cases, one of protopathic pro- 
gi'essive mnacular atrophy, and one of a secondary natnre, con- 
nf cted with lateral amyotrophic sclerosis. In the first case 
only the intervertebral ganglia exhibited appreciable changes, 
which, nevertheless, as the patient had at the same time 
suffered from tuberculosiSj were probably due to this com- 
plication ; the state of the sympathetic was a negative one. 
Also in the second case only some intestinal ganglia showed 
similar changes affecting the nerve and connective tissue 
cells, namely granular pigmentation of the latter. 

Thus, to the five positive results are opposed at least 
sixteen completely, or almost completely, negative statements 
with respect to the sympathetic. 

Let us now see if the clinical course of progressive muscular 
atrophy permits us to draw more positive cimclusions regard- 
ing the eventual implication of the sympathetic than the few 
and contradictory items of information supplied by the 
autopsies hitherto made. 

Eemakf discovered that, in treating patients suffering 
from progressive muaeular atrophy by g^vanism, be could 
produce spasmodic movements in the atrophied muscles 
when the positive electrode was placed in an " irritable 
zone " reaching from the first to the fifth cervical vertebrae 
(especially in the fossa carotica, or in the triangle between 
the lower jaw and the external ear), and the negative 
electrode below the fifth cervical vertebra. Concerning 
these well- described, very remarkable phenomena, we will 
merely observe that the movement always took place on the 
side opposite to that on which the positive electrode was 
placed ; when both were placed on the middle line the move- 
ments appeared on both sides ; and when the current was 
very weai they occurred only in the most paralysed muscles. 
Bemak regarded these spasmodic movements, which he after- 
wards named "Diplegic,"! as of reflex origin, produced 
through the ganglion cervicale supremum of the sympathetic, 
more especially as the entrance of the current was felt by the 

• " Archiv. de Phys. normaje et pathologiqne," I, Sfr., 1874, p, P89. 

t Eemak, ■' Oeacerr. Zeitechrift fiir pracUaclie HeilfennciB," 1862, p. 1 and 
29. See alBo " Application iJn courant conataut bq traitement ilea nfivcoseB,'" 
Paris, IbCo, p. S6. 

J Ecmnk, " Applicationdu coaraiitcoiiEUiiil," p. 38. 
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patient behind the eyeball. He holds that progressive 
muscular atrophy is a disease of the sympat-betie ganglia, or 
also of the cervical part of the spinal cord. In that wa,y may 
be explained the irregular progress of the muscular atrophy, 
inasmuch as in the centres the ganglionic cells, on which the 
nntrition of the muscles depends, have au arrangenaent 
difi'erent from that of the nerve-fibres in the peripheral 
ti'unks which are connected with them ; further, this also 
explains the frequently simultadeoua occnrrenee of "nem'O- 
paralytic inflammation," which consists particularly in 
painful swelling of the joints (arthritis nodosa}, and which 
yields to galvanic treatment of the sympathetic. Remak 
also includes the so-called reflex paralysis amongst the 
paralyses of the sympathetic ; probably also certain forms of 
hysterical, saturnine, and diphtheritic paralyses. 

We pass over Remak's other statements which refer more 
particularly to therapeutics, as we are now more especially 
treating of the pathogeny of the disease, and will again 
discuss, at the end of this sketch, its treatment by means 
of the so-called galvanization of the sympathetic. 

Remak's observations regarding " diplegic movements " 
were confirmed by M. Meyer* and Drissenf in a case of pro- 
gressive muscular ati'ophy. Fieber,J on the contrary, could 
not produce these movements in a similar case by following 
Remak's method. Benediktj also states that in the cases 
treated by him the diplegic movements were wanting, but, 
nevertheless, recommends galvanization of the sympathetic, 
in connection with other methods of galvanization — a plan 
of treatment the importance of which is folly proved by his 
valuable record|| of cases. Erbl also states that he has not 
been able to obtain the diplegic contractions in the manner 
described by Remak ; it does not appear, however, that he 
experimented on actual cases of prcgremwe muscular atrophy. 
Though in most of our cases of this disease the diplegic 
movements could not he excited, we were able, with little 
difficulty, to demonstrate them in one single case. With 
regard to the conditions which give rise to these movements, 
and their symptomatic explanation, we diifer entirely from 
Uemak. The relation, affirmed by Remak and adopted hy 

• M. Meyer, "Die Elektricitiit iu ihrer Anweodang anf practiBche Medicin." 
I» Auflage," 1S66, p. 219. 

+ DriBsen, quoted in abore book, p. 219. 

I Ffcber, " Berl. klin. WoehcnBchrift," 186B, No. 26, p. 261 (is. Terancb). 
§ Benedikt, " Elektrotherapie," U. Abth. (Wieu, 1866), p. SHa. 

II ■* Ibidem," p. 8BS-412. 
i Erb, •' Arcli. fur klin. Medioin," 1867, iii. Band, p. 366. 
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Fieber and M. Meyer, of theBe motor phenomena to tha 
sympathetic ganglia, appears to us, both on physiological and 
empirical grounds, to be in uo way warraoted, la none of 
the cases in which diplegic movements were observed by ua 
(in progressive muscular atrophy, saturnine paralysis, and 
hysterical atrophy), did we find that they occurred specially 
or exclusively in the way stated by Bemak, and we thus do 
not consider ourselves justified in adducing them as evidence 
of abnormity of function or condition in the sympathetic 

More important in this relation is the occurrence of dis- 
turbances of the innervation of the eye, which can be traced 
to diseased action iu the oculo-pupillary fibres distributed in 
the cervical sympathetic. Iu this category may be included 
some cases of progressive muscular atrophy recorded by 
Baerwinkel,* Voisinf (from 13ouillaud's Cliaiqne), and 
Menjeaud.J 

Voisin's case was that of a man aged 44, who had suffered 
from the disease seven or eight years, first in the left, and 
then in the right arm. For three or four weeks he felt slight 
spasmodic movements in the upper eyelid, frequently having 
the sensation as if a grain of sand were iu the eye ; during 
this time also his sight became weaker. The left pupil was 
only half as large as the right, both responded normally to 
the stimulus of light, and dilated on pinching various parts 
of the body. The left cornea was flattened so that its highest 
point lay Immtr. nearer the iris than on the right side. 
After some months the same changes apj>eared also in the 
right eye ; both pupils were then equally small and sluggish 
in action, the cornea in both eyes equally flattened, and vision 
on both sides weak. 

In Menjeaud's case,* in which the atrophy was confined 
chiefly to the region supplied by the median and ulnar nerves 
on both sides, there was considerable contraction of the left 
pupil. Post-mortem examination revealed the existence of 
atrophy of the anterior roots of the lowest cervical and 
uppermost dorsal nerves, especially on the left side. The 
sympathetic and its ganglia were normal. 

In explanation of the phenomena occurring in the eye in 
his case, Voisin refers to Claude Bernard's experimente, in 
which division of the anterior roots of the two lowest cer- 

* Baerwinkel, " Frager yiertelJBlirscilirift fOr pract Heilknnde," 1858, lix., 
p. 133. 

t Voisin, " Gai. liebd.," 18e3,So. 37j "Giiz.aes hflp.," 1883, No. 110, p. 437. 
t Meujeand, " (Jua. des kflp., ' ISUS, No. 3, p. 10. 
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vical and the two uppermost dorsal nerves was followed by 
contraction of the pupil and flattening of the cornea. As 
in the case observed by him the muscles aftected were prin- 
cipally those supplied by the median and ulnar uerves, and 
as these take their origin in pai-t from the spinal nerves just 
named, he infers that the disturbance of nutrition proceeded 
centripetal] y from the peripheral nerve fibres to the anterior 
roots, and gave rise to secondary atrophy of the latter. The 
no a- participation of the sympathetic in causing the oculo- 
pnpillary phenomena in the above case is to be inferred, 
according to Toisin, from the circumstance that vaso-motor 
disturbance, especially increase of temperature in the affected 
parts, had not been noticed ; he thus adopts Bernard's view, 
that the nerves controlling the vessels of the extremities 
have their origin entirely in the ganglia ol' the sympathetic 
and join the nerve trunks only outside the vertebral column. 

From the occurrence of oculo-pupillary phenomena in pro- 
gressive muscular atrophy, without simultaneous increase of 
temperature of the paralysed upper extremity, one cannot 
draw a just conclusion either regarding the participation of 
the anterior roots or the non-participation of the sympathetic, 
even if Voisin's record were on all points less inexact than it 
really is. 

The occurrence of oculo-pupillary symptoms in the affec- 
tion in question, however, is rare, if not quite exceptional. 
We find it mentioned only in a few instances by Bergmann, 
M. Eosenthal, and Friedreich. Duchenne states expressly, in 
discussing Voisin's case, that he had not once met with these 
phenomena. We also, in all our cases, which were a lon^' 
time under observation, failed to discover disturbance of in- 
nervation in the eye. 

It is only in Schneevogt's case, among all those in which 
degenerative changes in the cervical sympathetic were found, 
that contraction of the pupil is mentioned as a symptom. 
Here, as we have seen, ihere was not only fatty degenera- 
tion of the sympathetic, but atrophy of the anterior roots, 
involving specially the five upper cervical; there was also 
softening of the spinal cord from the fifth cervical to the 
second dorsal nerves — exactly in the region of the centrum 
ciliospinate inferius. The contraction mightthusariseeither 
from the diseased sympathetic or from the central medullary 
affection. Jaccoud's record of the cases in which he had a 
post-morlem examination, unfortunately contains nothing 
about the symptimia and course of the disease aa they came 
under his notice only a few days before death. 
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We thus, in the meantime, get little aid, either from ana- 
tomical reaearch or physiological analysis of symptoms, in our 
inquiry regarding the nature of progressive muscular atrophy. 
We can give, therefore, no definite opinion as to the part 
(though it is probably a Dot unimportant one) played in it 
by the sympathetic system. le the gympatheiic usually affec- 
ted at all ? And if it is, is it through centripetal conduction of 
the primary mMBciilar diieasB to the peripheral nerves, the epinal 
roots, and the rami commvm,icantea ? Or, contrariwise, is the 
sympatheUc affection the primary one, spreading centrifngally to 
the peripheral nerve trunks and muscles, and ccni/ripetally to the 
spinal centres ? So run the questions which will have to be 
answered in the future. It is to be hoped that, should oppor- 
tunity offer for making post-mortem examination, the inves- 
tigation of the sympathetic may not be neglected, and that 
it may lead to more definite results ; very specially should its 
condition be compared with that of the other central and 
peripheral nervous apparatuses, with particular reference to 
the nature and date of the disease ; and, as is also indicated 
above, greater attention must be paid to the occurrence of 
ocnlo-pupillary and vasomotor phenomena. 

With reference to therapeutics, we will, in conclusion, 
mention that in one case of severe progressive muscular 
atrophy reported by Nesemann,* galvanization produced a 
temporai-y improvement ; but later a relapse took place, 
which did not yield to the same treatment. As by Bemak, 
so by Benedikt, M. Meyer, Guthzeit, Erb (according to Fried- 
reich) and others, favourable results have been obtained 
from galvanization of the sympathetic. M. Rosenthal and 
we ourselves have never seen much good follow from this 
treatment. 

Muscular BypeHTophy. — This disease is known under various 
names, such as ^^ Muscular hypertrophy," "Lipomatosis mue- 
culoru/m luxurians progressiva " (Heller) ; " Atrophia muscu- 
lorum lipomatosa " (Seidel) ; " Paralysie rmisculwM"6 pseudo- 
hypei-trophique," or "Paralysie myosclerosifjue" (Duchenne). 

Like progressive muscular atrophy, which is often combined 
with it, it has sometimes been regarded as a primary myo- 
pathic affection, and at other times a.s a neuropathic disease. 
The first-mentioned opinion was held by Spielman,t whilst 
Duchenne,t and after him Stoffella,§ without very obvious 

• Nesemann, "BBrl.ilin.VfoohenBclirat," 186S, No. 37. 
t apielmann, " (jaz. mM. de Strasboarg," 1862. Mai, No. 5, p. 85 ff. 
I Dnchenne, " ElcctrisatioQ Intalis^e." 2 edit., 1861, p. 334, 
§ Stoffella, " Zeituchrift der GeeoUacLaft der Aertzte," ia Wein, I860, Heft. 
l,p.86f[. 
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IS, argued thiit it Wiis of cei'ebral origin. Griesinger* 
assumed that it was a disease of tlie vasomotor nerves, and 
Benediktt mentions it among the " trophoneuroses," and be- 
lieves one of his cases to have been of the nature of a para- 
lyHn of the sympathetic. In this case the hypertrophy affected 
principally the muscles of the right shoulder {the deltoid, 
pectoralis major, teres major and miuor, serratus anticus 
major) ; moreover, the right aide of the face was redder, and 
perspired more freely than the left, the pupil was dilated, and 
the sympat/tetic tender to presaure. Besides Menjon'sf case, 
which waa brought under this category by Seidel, we have 
only three detailed accounts of post-mortem examinations in 
ihis disease. The first is oae recorded by Eulenbarg,§ in 
which Cohnheim made the examination. The result, with 
respect to the nervous system was perfectly negative ; micro- 
scopic examination revealed no pathological changes in the 
brain, spinal medulla, peripheral nerves, or sympathetic sys- 
tem. Barth,|| on the other hand, found changes in the 
spinal cord and peiipheral nerves which he believes are only 
secondary. Unfortunately no examination of the sympathetic 
was made. In a case investigated by Charcot, the state of 
the spinal cord and peripheral nerves was entirely a negative 
one. Therapeutically it may only be mentioned that Bene- 
dikt thinks he obtained considerable improvement in three 
cases by galvanization of the sympathetic. In one of the 
cases already quoted, not only the symptoms in the head, but 
also the hypertrophy disappeared, so that the patient could 
resume work. ChvoBtekH states, however, that iJie prolonged 
use of electricity is followed, at most, merely by arrest of the 
morbid process. We ourselves got no successful result from 
the galvanic method of treatment in one case ; it was, how- 
ever, ?ery sevei'e and of old standing. But in two cases (in 
two young girls), which were some time under our observa- 
tion, faradaic electrization of the atrophied and of the pseudo- 
atrophied muscles was followed by improvement, which was 
not apparent on galvanizing the sympathetic. O. Berger,** 
who also considers the disease a trophoneurose, faradised the 

• Griuainger, "Archiv. der Heilkunde," 1861 (Gter JahrgangJ, p. 171. 

t Benedikt, " Elektrothcrapie," Wien, 1869, p. 18G fl. 

i Menjon, "Med. Chir. TraiiBaotionfl," Vol. liii., 18B2, p. 73 ff. Sea also 
Boidel, "Die Atrophia mnHculorum lipomotosa." Jena 1867, p. 64. 

§ Enlenburg, " Berl. klio. WoohenBohrift," 186S. No. 50 j ibidem 1866. 
No. 37. 

II Barth, "Arohiv. der Heiltnnde," 1871, Bd. lii., p. 131. 

t CbTOfltefc,"OeHterT.ZBitBohriftfurp[«:tiHchaHeilkDiid8,"l&7l. No3a-«. 
••Berger, *' DeaUches Arohiv. fiir klin.Medioin," 1872. Band it., p. 363. 
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liypertrophieJ musclea and galvaniaed tbe cervical eynipa- 
tbetic for weeks in two cases without making any impressioa 
on the disease. Erb lecorda tbe same experience. 

VII. — Exophthalmic GoItee, — (Basedow's Disease.) 
(Gkaves' Disease.) 

This name is giyen to a gronp of symptoms, discovered by 
Parry in 1825, but first accurately described by Basedow* in 
1840, including palpitation of tbe heart, swelling of the 
thyroid gland, and protrusion of the eyeball (exophthalmos). 
These three cardinal symptoms are usually found together, 
but any one of them may be wanting. The order in which 
they are usually developed is — fii'st, palpitation of the heart 
(with or without atrophy), t.hen goitre, and finally exoph- 
thalmos; it seldom occurs that all the symptoms appear sud- 
denly and simultaneoualy, or that the tumefaction of the 
thyroid body is noticed Ijeibre the heart affection. Other 
disturbances, especially in the nervous system and the female 
generative organs, are occasionally observed, but they are 
merely of secondary importance. 

Concerning tbe nature and origin of this disease, many 
different theories have been promulgated. It was at first 
most naturally regarded as a special form of chlorosis or 
ansemia ; but this idea must be given up, as it is often met 
with in men and in children, and in women beyond the cli- 
macteric period, and fi-equenUy in those whose catamema are 
quite regular. The palpitation of the heart has been thought 
to be the cause of tbe other symptoms — atheory that is nega- 
tived by the simple fact that the accelerated and more power- 
ful action of the heart in cases of lesion of the cardiac valves 
never leads to goitre and exophthalmos. The seat of the 
disease has fuilher been placed in the nervous system, espe- 
cially in the spinal cord. When Claude Bernard made known 
the phenomena produced by division of the cervical sympa- 
thetic in animals, it was noticed that there were certain re- 
semblances between them and the symptoms of exophthalmic 
goitre, and the inference was drawn that the disease was 
caused by functional disturbance in the cervical sympathetic 
(Koeben,t Aran,t Trouaseau,^ &c.) Since that time this 
theory has found wider acceptance for the reason that, in a 

" Caeper'a " Wochenaohrif t," I8i0, Ko. 13 tiod 14. 

f " De exophl^ialino a BtmiuHi com cordis affecLione." Inangiiral Dissert-, 
Berliii, 1855. 
. J " Gttz. hebdotn.," 1860. No. 49. 

§ "Gaz, Med.," ]8U3, p.474. 
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small number of cases of Graves' disease anatomical e 
have actually been found iu the ceryical sympathetic. 
we relate these cases individaally, we will try to show in what 
manner the principal symptoms of this disease may be com- 
pared with the pheaomena occurring after division of the 
cervical sympathetic in animals. Division of the cervical 
sympathetic produces dilatation of the vessels, and, in con- 
sequence of there being more blood in the parts, a consider- 
able elevation of temperature on the corresponding side of 
the head. Analogies for both of these experimental facts 
are found in Basedow's tlisease. The dilatation of the vessels 
indicates its presence in the strongly pulsating, frequently 
tortuous and prominent little arteries in the region supplied 
by the carotid, but especially in the swollen thyroid gland. 
The sudden occurrence of the gottre in the course of a few 
days, the softness of the swelling, the perceptible pulaatioit 
of the thyi'oid arteries, the loud blowing sounds heard over 
the same, the rapid increase and decrease of the tumour, 
according to the force of the contractions of the heart, and 
the engorged veins frequently seen on the surface of the 
gland — all these facts point to the conclusion that we have to 
do chiefly with a dilatation of the vessels distributed in the 
thyroid body, a conclusion fully borne out by anatomical in.- 



Altboughwefind, in the enlargement of the thyroid vessels, 
a resemblance to the dilatation of the vessels after division 
of the cervical sympathetic, yet this similarity is not evidence 
of a complete analogy; for then proof would be required that 
division of the sympathetic also leads to swelling of the 
thyroid gland. That animals, as well as men, may be the 
subjects of swelling of this gland is well known. In districts 
in which goitre occurs endemically amongst the people, Bail- 
largerf has observed it amongst the animals, especially iii 
mules, seldomer in horses and dogs. BoddaertJ has also 
produced a swelling of the thyroid body in rabbits and 
guinea-pigabyligaturingtbe internal and external jugular and 
inferior thyroid veins. Regarding the second of the constant 
phenomena appearing after division of the sympathetic in 
the neck — the elevation of temperature — something similar 
has been found in exophthalmic goitre, since special attention 

• Naamann, " Deutsote Klinik." 1853. No. 24^ P. Bants, " Dublin Hosp, 
Gaa.," 1855. No. 9. Foamier et Ollivier, •• Dnion Med.," 1868, p. 95. 

t "Dn golLre eiophcbalmique obex lea animnnx domesCiqneB." Comtes ren- 
dns, 1B62. Tome Iv,, p. 475. Bob also Tirchow, "Die ktankhaften Qe. 
BohwdUte," 1867, Bd. iii., p. 57. 

J "Extrait du Bulletin do la Soc. de Mfd. de Gant.," 18T2. 
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jeen directed to the auliject; (huB, Paul* has found an 
ncreaee of i-l''C., Teisaiertof l-2°G.; and CheadleJ states, 
n a record of eifjlit cases, that he has always observed a rise 
in the temperature. We ourselves, in nearly all our cases, 
have noticed an increase (at least temporarily) of ^-1° 0. ; and 
in one case, that of a girl 20 years of age, who was ondpr 
treatment about nine months, the temperature in the axilla 
always amounted to 38-2-38-8°C. Nevertheless there are 
cases in which the temperature is normal, as recorded by 
Charcot§ and Dumont. || It is evident that this elevation of 
temperature is of comparative value as a proof of patbolo- 
gicaJ analogy to that occurring after division of the cervical 
sympathetic only when observed in an uncomplicated case of 
Basedow's disease, and not caused by any concomitant febrile 
affection. Those suffering from this disease feel the rise in 
temperature subjectively as heat, even when objectively it ia 
very slight ; this is often accompanied by increased secretion 
of perspiration. 

With reference to the cause of this increased temperature, 
nothing ia opposed to the idea that it is to be sought in the 
increased blood-supply resulting from dilatation of the ves- 
sels; it is not, however, locally confined, like that produced 
experimentally by dividing the sympathetic, but is equal in 
both axillae and in both auditory meatuses, 'The sympathetic 
is clearly involved on both sides, as ia shown by the facts that 
the vessels on both sides are equally filled, and that tlie 
exophthalmos is bilateral. 

The second principal symptom in exophthalmic goitre 
which we have to compare with the results of division of 
the sympathetic is exophthalmos. It is seldom unilateral, 
but usually appears in both eyes at once, though not always 
with equal intensity .1| 

After division of the cervical sympathetic no exophtbalmoa 
occurs, but rather a sinking of the eyeball within the orbit. 
But if the central end of the divided nerve be subjected to 
electrical stimulation the eyeball is protruded, and we have 

• "Berliner kliniBcheWochcnachrift," 18G6. No. 27. 
t See TnraBBcao, " Cliniqne mi6.," T. ii', p. 640. 
I •' Lancet," 1869. No. 25. 

I " Gaz. mf6.," X856, p. COO. 

II •' De Morbo Baeeijowii." Inang. DiBsert., Berlin, 1863, p. 27. 

^ Sooh caBBa have been obseiTed by Maokenzie, quoted by Pisclier, " Ar- 
obiveB gln^taleH de MM.," 1859, p. 652; by FSrater, qnoted by Lebert, "die 
Krankheiten der Bohilddrilaennd ibre Bebandloiig," Breslau, 1 863, p. 309 j by 
Schnitzler, " Wieoer, Medicinal-Halle," 1864, No. 27 j by OhiHholm, " Med. 
Times and Gqz.," 187', No. 1 : by Emmert, " Archiv. fiir OpHtialmogio," 1871 , 
Bd. jvii., p. 318. 
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genaine exophthalmos. It has already been explained in the 
physiological part of this wort, that this proptoaia is due 
to the action of Miiller'a unstriped ocular muscles and of 
some other unstriped muscles discovered in the upper and 
lower lida and in the orbital aponeurosis, all these being 
supplied by the sympathetic nerve, and thrown into con- 
traction on in-itating it. The occurrence of exophthalmos 
in this disease might be explained, if we were to assume 
the existence of a condition of irritation in the oculo- 
pnpillary fibres of the cervical sympathetic. Thus, as we had 
to assume a state of paralysis of the vasomotor iibres of the 
cervical sympathetic (analogous to division in anitnals) to 
explain the dilatation of the vessels in the thyroid gland, and 
the rise in temperature, we have to do with two opposite con- 
ditions — paralysis of the viisomotor and irritation of the 
ocnlo-pnpillary fibres of the cervical sympathetic. This as- 
sumption contains nothing arbitrary. We know, as we for- 
merly explained, that the vasomotor and oculo-pupillary 
nerves have entirely different centres, and that we can ex- 
perimentally educe independently of each other the appear- 
ances depending on disturbance of one or other class of 
fibres. If we now suppose that Graves' disease rises from 
an affection of the nerve centres, we may well conceive that 
the centre for the oculo-pnpillary fibres of the cervical sym- 
pathetic (centrum cilio -spin ale) is in a condition of irritation 
while, on the contrary, the centre for the vasomotor fibres is 
in a state of paralysis. Even though we regarded the cause of 
exophthalmic goitre as not central, but peripheral, and situ- 
ated in the cervical sympathetic, there is nothing forced in 
the above snppoaition, that the oculo-pnpiUary fibres are in a 
condition of irritation, and the vasomotor fibres in a state of 
paralysis. We find many analogies in the pathology of the 
peripheral nervous system. Thus, in neuritis a state of irri- 
tation in the motor part of a nerve f'spasm) may co-exist with 
one of paralysis in the sensory portion (anesthesia) ; or, on 
the other hand, we may have paralysis of the motor and 
hypei-aBsthesia of the sensory filaments. Even in the same 
fibres we may often find opposite conditions ; in sensory fibres 
for example, both diminished and increased sensibility (anses- 
thesia dolorosa), and in motor fibres diminished and increased 
motor power (paresiSj or paralysis associated with slight 
spasmodic movements). 

We have endeavoured to show the relation existing 
between Basedow's exophthalmos and the cervical sympa- 
thetic, inasmuch as we pointed out that in animals exoph- 
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thalmos follows irritation of that part of the syiupatbetic 
system. The question now rises whether we are juati&ed in 
regarding this esophthalmoB aa due entirely to a state of irri- 
tation in the sympathetic, and thus genetically the same aa 

the exophthalmos produced experimentally. Sunh an assump- 
tion we cannot make. Permanent exophthalmoa, such as 
that of Basedow's disease, is only possible when the un- 
striped ocular muscles, which have their innervation from 
the sympathetic, are in a state oi persistent tetanic contrac- 
tion, that ia, when there is a permanent state of irritation in 
the nerve fibres supplying these muscles There is, bow- 
ever, no physiological analogy to warrant the adoption of 
such an opinion. EviTy state of irritation in a nerve 
passes gradually into the opposite condition, that of 
paralysis. We cannot, therefore, unconditionally claim 
the exophthalmos occurring in animals on irritating the 
cervical sympathetic by an electric current as an ex- 
planation of Basedow's exophthalmos. It ia also not eaay 
to conceive that the effect of spasm of these muscles, so 
slightly developed in man, should be to produce such an 
extreme degree of proptoaia as is often met with in exoph- 
thaJmic goitre ; for even with the strongest electrical stimu- 
lation of the cervical sympathetic, a degree of irritation 
which can never occur under physiological conditions, there 
is never produced such marked exophthalmos as we find in 
this affection. Thua we may fall back on the view of the 
earlier authors, that the congegtion (venous hypertemia) and 
development of fat in the cellular tissue of the orbit tend to 
aid in causing protrusion of the eyeball. That there is con- 
gestion in the orbit during life is indicated by the broad and 
tortuous retinal veins,* and by the facts that when the 
palpitation of the heart abates the exophthalmos becomes leas 
marked, that on increase of the heart's action the eyeball 
becomes again more prominent, and further, that the eyeball 
sinks into the orbit on slight pressure with the finger and 
after death. There are also various reasons for supposing 
that the eyeball is pressed forward by a cause of a mechauica,! 
nature. In persons who have died from strangulation there 
is exophthalmos in consequence of venous engorgement, and 
the same ia produced in animals by ligature of the jugular 
vein. Further, new -bom children whose birth has been 
accomplished only after prolonged labour, or by aid of instru- 
ments, present a slight degree of exophthalmos, the result 

♦ V. Grafe, " Aroliiv. fvir Oyhthalmologie," 1857, p. 293, 
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of the pressure on the head, which prevents the free return of 
blood. Thti same is observed in women in severe labour — a 
fact which was well known to the ancients. Exophthalmos 
may arise from various other mechanical causes which lead to 
serous infiltration of the retrobulbar connective tissue {as in, 
dropsy), and from congestions in the head. Many conditions 
(not including tumours of the brain), such as violent and 
prolonged bodily exertion, and convulsions, may also give 
rise to exophthalmos by increasing the pressure in the veins. 
Demarqnay* has collected several such cases from general 
medical literature. As regards the abnormal development of 
fat as a factor tending to produce exophthalmos, it has often 
been denionstratedf in at least double the normal quantity, 
and sometimes even more. Thus, it is extremely probable 
that all three conditions— spasm of the unstriped orbital 
muscles, venous hyperemia, and increase of the fatty tissue 
in the orbit — co-operate in the production of exophthalmos. 

We have still to consider a peculiar phenomenon to which 
V. Griifet was the first to direct attention, and which unques- 
tionably indicates the participation of the sympathetic in the 
production of the disease. In health when the plane of 
vision is altered, when the eye is turned upwards or down- 
wards, the upper eyelid follows closely the movemeuts of the 
eyeball ; in exophthalmic goitre this consentaneous move- 
ment of the eyelid is wanting. According to v. Orafe it is 
not caused by the prominence of the eye, as the movements 
of the Ud remain intact in exophthalmos from other canses 
(from tumours of the orbit, for instance) ; on the other hand, 
this mobility is lost even in the slightest degrees of the exoph- 
thalmos of Basedow's disease. This symptom, too, may dis- 
appear in the course of the disease, both spontaneously ojid 
on using narcotic injections without any improvement in 
the proptosis, Griife regards it as of great importance 
in the recognition of the slighter forms of the affection, 
those cases in which the prominence of the eye does not 
exceed physiological bounds and in which the goitre ia 
wanting. The cause of this deficient mobility of the 
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eyelid is. according to him, to be sought for in diBtnrljed 
innervation (spasmodic contraction) of Miiller'e nnstriped 
orbital rausclea. 

Another symptom in exophthalmic goitre which tends to 
connect it with the sympathetic is the occorrence of various 
inflammatory and ulcerative afiectiona of the eye, which, 
fortunately appear but seldom, principally among men,* but 
also occasionally amongst women. f 

T. Grafe considers the above-mentioned insufficiency of the 
eyelid as the chief cause of these inflammatory aflections: 
on account of the deficient mobility of the upper eyelid 
when looking down, as in reading, a part of the cornea 
remains uncovered, the conjunctival sac becomes dry and the 
veins dilated, and thus inflammation and even ehemosis are 
produced. But this afl'ection of the lids cannot be regarded 
as the sole cause of the dry state of the eyeball and the 
consequent inflammatory symptoms, since the same circum- 
stances in paralytic lagophthalmos (as in facial paralysis) 
generally leave the eye unaffected, v. Grate thus holds 
that Basedow's ophthalmia is principally of a neuroparalytic 
chamcter, caused by disordered function of the sympathetic 
fibres of the trigeminus. This notion receives confirmatiou 
by the observation that in severe cases of Basedow's disease 
the sensibility of the cornea is lowered. 

In comparing the symptoms of Basedow's exophthalmos 
with the phenomena following division of the cervical sympa^ 
thetic, we have still to advert to the pnpil. Dilatation of the 
pupil accompanies every case of exophthalmos experimentally 
produced ; in that of exophthalmic goitre, on the contrary, it 
is entirely absent. v. Grafe has recorded its absence ia 
about two hundred cases. When, opposed to this large 
number, some observerst state that they have seen dilatation 

• Basedow. " CHHpei''8 WoohenBolirilt," 1840, p. 223 j Praisl, "Arohiv. filr 
OpthaJmologie," 1857, Bd. iii., p. 201 ; Nftnoiftmi, loro cxtaio, p. 286 j ». Grflfo, 
"Arohiv. fiir Ophthalroologie," 1857, p. 285; and "Berliner klin. Wocheik. 
Bohrift," 1867, No. 31. 

t Layrence, " Gaa das hfln." 1868, p. 198 j Tatnin, " Med. Times and Gajs.," 
1864, 23 Jannary, p. 39 j Teissier, •' Canstatt'a Jalu'eBbericht," 13S4, Bd, iy., p. 
173; Patchett, " Lancet," 1873, Jane 15. 

I EoDiberg and Honooh, " Kliuiaoho Wnhroehmnngen und Beobachtongen," 
Berlin, 18.51. p. 182; Beith, " Med. Tiinea and Qaz.," 1866, p. 521; Friodriob, 
" Lehrbnch der HerakraQkheiten," Erliingen, 18fi7. p. 312 , TrouBBen.a, 
" Cliniqne m^,," Paris, 1868, Tome ii., p. 53G j Fournier et OlliTier. " Dnioa 
m&A.," 1869, p, 93 i Gilderaeeator, " Archiv. fiir die hollandiHohen BeitrSgo znr 
Natnr nnd Heilkunde," Utrecht, lS6i, Bd. IIL, p. 41G and 420i Cheadlo, 
"Lancet," 18^9, No. 26; Emmert, "Aroliiv, fiir OjiehalDioloBie," 1871, Bd. 
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of the pupil ill a few cases, this sytnptoDi can scarcely be 
considered ns havinjif any pathological connection with 
Hasedow'a disease ; most likely these patients were myopic. 
From the absence of dilatation or other abnormity of the 
pupil, we conclude that the pupillary fibres of the sym- 
pathetic are not involved in this affection. 

The third principal symptom in exophthalmic goitre is the 
increased action of the heart, which may certainly be re- 
garded aa depending on functional disturbances in the cervical 
sympathetic. That nerve contaios fibres whose function is 
to accelerate the heart's action, and electrical irritation of / i 
these increases the number of the heart's contractions. For 
farther details on this subject we refer to the physiological 
part of this essay. The increased action of the heart in 
Graves' disease may be explained by assuming the existence 
of irritation of the cervical sympathetic ; but, as _we have 
already pointed out, while discussing exophthalmos, the 
assumption of such a •peniaterd state of initation in order to 
explain the permanency of the heart affection is physiolo- 
gically inadmissiblej as this condition must soon pass into 
that of paralysis. The increased action of the heart, how- 
ever, may be interpreted as dae to a variety of paralysis in 
the cervical sympathetic ; paralysis of the cardiac sympa- 
thetic nerve fibres leads to dilatation of the cardiac vessels 
(the coronary arteries), and therefore to a greater flow of 
blood to the muscalar tissue of the heart, and thus to stimu- 
lation of the cardiac ganglia. 

Having gone over the principal symptoms of Basedow's 
disease, and shown their relation to the phenomena observed 
in certain experiments performed on the cervical sympathetic, 
we come now to the description of the pathological anatomi- 
cal changes which have been found in the sympathetic after 
this disease. The number of facta is certainly small ; but it 
must be remembered that the opportunities for making post 
mortem examination have been comparatively few, and that 
it is only lately that attention has been directed to the 
sympathetic system as connected with the affection. The 
cases which have come to onr knowledge are the following ; — 

1. — A case trom Trousseau's Clinique, described by Peter.* 
It was that of a woman who, seven years before coming under 
observation in the Cliniqne, had received a violent shock by 
the sudden death of her father, this being followed, in one 

* " Notes, pnuT Berrir k I'hiatoiro dn goitre eiophthalmique," Gaz. hebdotn., 
1S64, No. 13, p. 180. 
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night, by exophthalmoa, goitre, and palpitation of the heart. 
Five mouths later she died comatoae, after an apoplectic 
seizure. At the examination the upper and middle cervical 
ganglia were found normal, but the lower, especially on the 
right side, considerably enlarged and injected. Microscopic 
examination showed a marked development of connective 
tisane in the lower cervical ganglion, whilst the nerve tissue 
(ganglionic cells, and nerve filaments) bad become consider- 
ably atrophied, 

2. — A case described by Archibald Beith.* A man, 24 
years of age, who had suffered some time from Uravea* 
disease, died two days after being taken into hospital. The 
antopsy, performed by Dr. Beveridgej 22 hours after death, 
showed principally, as regards the cervical sympathetic a 
hypertrophy of the middle and lower ganglia ; they were hard 
and firm, and were seen, under the microscope, to be infil- 
trated by greyish matter. The trunk of the sympathetic and 
the branches of the inferior thyroid and vertebral arteries 
were increased in size and tuberculous, 

3. — In a case examined by Cruise and M'Donnel, and re- 
corded by Moore,t the lower cervical ganglion was almost 
obliterated, and replaced by cellular and fatty tissue. 

4. — In the case of a girl treated by TraubeJ during life, 
and examined by v. Recklinghausen, there was remarkabla 
thinning of the sympathetic and its ga^iglia. 

5,— Biermer§ found, in the case of a man, considerable 
atrophy of the sympathetic on both sides of the neck, espe- 
cially the right. 

6. — Virchowll mentions having observed an increase of 
size, and interstitial thickening, of the cervical sympathetic, 
especially in the upper and lower ganglia. 

7. — In the case of a scholar, 48 years of age, who had died 
in Warzburg of Basedow's disease, GeigelH states that both 
cervical sympathetics were surrounded by a thick sheath of 
fatty and connective tissue ; the microscope, however, showed 
no change either in the nerves themselves or in the ganglia, 

• Eeith, " EiophthalmOB — EnlargemBnt of Thyroid Gland — Affeotion of 
Cervical Sjmpatbetjc," " Med. Times and Ga,z.," 11 Sovt., 1865, p. 531. 

t William MQore,"8omereinarkBonthoNatnrB and Treatment of Polsating 
Thyroid Gland, with Exophthalmos, ' " Dnbl. Quar. Jour, of Med. Soionoe," 1866, 
p. 344-352. 

X Tranbe and v. Eeoklinghanseii, " Dentaohe KUnit," 1863, No. 39, p. 286. 

5 Thia oaae was commuDicatcd to ua by letter. 

il VirchDW, " Die krankhaften GeachwtiUtB," Bd. iii., p. 81. 
■ "1" Qeigel, " Wiirnborger med. Zeitsohrift,"' '866, Bd. vii„ p. 84. 
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except intense brown pigmentation of the latter ; there was 
aTao no increase of the interstitial conneetipe tissue. 

8. — Knight* found, in examining the body of a man of S3 
years of age, who had died of Graves' disease, that the left 
lower cervical ganglion of the sympathetic was larger than the 
right, the connective tissue increased in quantity, while the 
nerve-cells appeared wuch smaller and less pigmented. In the 
middle and tower left cervical gangUa the nerve-celh were 
smalls than on the right side, wmle the nerve filaments iw the 
left sympathetic were only half the size of those in the right. 

9. — Ganghoftiert relates the case of a servant, 43 years of 
age, who was under his treatment for exophthalmic goitre, and 
whose body, after death, was examined by Klebs. The left sym-- 
pathetic in the neck appeared extremely atrophied in its lower 
part, meaauriug scarcely -^ mm. in thickness ; in the upper 
part it was thicker, about 7^ mm. ; above the middle gang- 
lion it was normal in point of size, but wnusually red. The 
atrophied spot was about Si centimeters long. Below this 
was found the lower ganglion, about the size of a pea, from 
which emerged two very thin nerves, one passing forwards, 
the other backwards. Under the jaw and on the sympa- 
thetic lay u lymphatic gland, swollen and much reddened. 
The upper ganglion was normal. — On the right side the upper 
cervical ganglion was normal, the middle ganglion somewhat 
broader ; below this the sympathetic becavne very thin, and 
passed into a small ganglion, from which issued some ex- 
ceedingly slender filaments which followed the course of the 
vessels. Microscopic examination of the atrophied part of the 
sympathetic revealed thepresence of atrophy oftkenerve elements. 
This case, so valuable because so carefully examined, is, as 
regards the condition of the sympathetic, analogous to 
those of 'Iraube and Biermer, and partly also to Knight's, 
inasmuch as here also the prominent change is atrophy of 
the sympathetic. 

Opposed to these positive statements are four cases in 
which no change was found in the sympathetic. 

1. — In Paul'sJ case there was nothing abnormal in the 
thoracic and cervical parts of the sympathetic, nor in both 
lower cervical ganglia. Microscopic examination of longi- 
tudinal and transverse sections of the right lower ganglion, 
both fresh and after carmination, showed that the nerve 



* Kuight, " BoatoD Med. and Sarg. JudtiibI, 

t Ganghofner, '■ Prager ViertcljaJrschrift," ioi!>, aa. 

X Paul, "Berl[nerkUQ. Wochnnschrift," 185C, No. 27. 
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filaments and ganglionic celle were of normal dimensioDs, 
with clearly marked nuclei and nucleoli, partly colourleas, 
and pai-tly pigmented. 

2. — In a case recorded by Fournier end OUivier,* and 
most carefully dissected by Banvier, no alteration was found 
in the sympathetic, either on examination with the micro- 
scope or by the naked eye. The case is specially remarkable, 
as death occurred by gangrene of the extremities ; no cause 
for the gangrene was found. 

3. — Rabejacf baa described a case of exophthalmic goitre 
in a woman 37 years of a^'e, which also ended fatally through 
gangrene of the extremities, Bouvier examined the sympa- 
thetic microscopically, and could discover nothing abnormal. 

4. — We have to quote only one other case, that of Wilks ;J 
in it the ganglia of the sympathetic showed no change, 
except that they were strikingly white in colour; microsco- 
pically there was nothing abnormal, except some increase in 
the quantity of the connective tissue fibres. 

These negative results prove nothing against the assump- 
tion that Basedow's disease may be connected with func- 
tional disturbances in the sympathetic, because these may 
exist without being necessarily accompanied by any ana- 
tomically demonstrable change. 

With respect to treatment, we mention oiily the effects ot 
galvanization of the sympathetic. In 1867 we performed our 
first experiments on this subject, and fouud that, on using a 
very weak ascending current of only 6-8 elements, the fre- 
quency of the pulse fell from 120 to 90 per minute. 

More lately Chvoatek,§ M. Meyer,|| and others, got good 
results by galvanizing the sympathetic, especially as regards 
the exophthalmos and the goitre, whilst the influence on the 
heart was but slight and transitory. The improvement in 
the goitre and the exophthalmos, which was permanent, was 
also accompanied by improved general health, showing 
itself in abatement of the ehlorotic symptoms, and reappear- 
ance of normal menstruation. 

• Fournier et Ollivier, ■' Union intd.," 1 868, No 

+ Rabejftc, " Dn goitre Bioplitbalmiqne," Thfeae, Paris. 1 

j WilkB, " Qny'B Hoap. Keports," 1870, Bd. xv., p. 17 ff. 

§ ChvoBtek, " Wiener med. ProBBe," 1869, No. 19 1 1871, No, 41 ; 1872, No. 2 

[j M Unyer, " Berliaer klin. WoohenBcbrif t," 187i', " 
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Vm. — Angina Pectohis. 



The disease described by Heberden (1768) as Angina Pec- 
toris, which is sometimes also termed Stenocardia, is not an 

latomicallj definable cardiac affection, but rather a g;roap 
of symptoms, originating in very different and for the most 
part unknown conditions. Although, therefore, we include 
1 short account of it in this essay, we do not wish to indi- 
cate it as our belief that it is caused exchisivelj by changes 
in the sympathetic system, but that it seems to us that the 
latter, inasmuch as it takes the principal part in the forma- 
tion of the cardiac plexus — which is almost certainly the 
etarting point of angina pectoris — is undoubtedly in sonae 
way connected with the occurrence of the phenomena under 
consideration. 

Angina pectoris shows a marked tendency to occur in 
paroxysms, occasionally spoken of as stenocardiae attacks. 
It appears as a complication in the most diverse diseases of 
the organs of circulation, relatively most often in affections 
■of the aorta (insufficiency of the aortic valves, atheroma, 
&Q.). Parry, however, held that its most common cause ia 
to be found in the changes (ossification and contraction) 
which take place in the coronary arteries as the result of 
aortic insufficiency. But angina pectoris is not unfrequently 
met with also in cases in which no alteration in the coronary 
arteries, or any other affection of the heart, is noticeable ; and, 
on the other hand, ossification of the walls of these vessels 
has been found on examining the bodies of old people who, 
during life, had never suffered from anything resembling 
stenocardiae attacks. Thus, besides the oi^anic form of 
angina pectoris, that which is associated with structural 
cardiac disease, some have recognised a nervous variety, de- 
signating it hypertestlieaia (neuralgia) of the cardiac nerves, 
especially of the cardiac plexus. Other authors affirm that 
the essential elements of the disease are excitement of the 
heart's action and the neuralgic character of the seizures. 
We adopt in its entirety the theory that angina pectoris ia 
not simply a disorder of sensibility, but a complex sensoro- 
motor nenrose of tho cardiac nerves. We consider it impos- 
sible, however, to particularise with certainty what nerves 
are concerned in the attack itself j the cardiac nerves anaa- 
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tomoae bo freely, and spring from such widely separated 
parts of the nervona system, that the existence of an anato- 
mical affection or functional diaturhance confined to those 
branches of the cardiac plexus coming from the vagus or 
«jm{iathetic nerve seems scarcely vrithin the limits of possi- 
bility. No anatomical changes have yet been observed, 
associated with an^na pectoris, in those parts where the 
nervea of the heart run separately — in the cardiac twigs of 
the vagus, for instance, or in the branches which emei^e 
from the cervical ganglia of the sympathetic. The pheno- 
mena also of the attack itself, especially the disturbance of 
the heart's action, are so variable that we cannot ascribe 
them to the influence of any single system of cardiac nerves. 
If, for example, in one case we account for the acceleration 
of the action of the heart by assuming a state of irritation 
of the sympathetic nerve, this explanation will not meet 
those cases in which, during the paroxysm, the heart con- 
tracts more slowly than usual, or scarcely departs from ita 
normal rate. In discussing angina pectoris, therefore, we 
cannot argue from the state of any one system of cardiac 
nerves, but can only analyse the symptoms physiologically, 
and endeavour to show, on experimental grounds, in what 
way the different systems of nerves may be concerned in pro- 
ducing the disease. 

Here we meet with the difficulty that the symptoms of the 
atenocardiac attack have been described reiy differently 
by different observers. The neuralgic symptoms alone — pain 
of a paroxysmal character associated with great oppression 
and anxiety — are constant and pathognomic. The pain 
appears to rise in the neighbourhood of the prtecordia, and 
to pass sometimes over the left side of the chest, sometimen 
along the sterum towards the left arm, more rarely into both 
arms. 

The motor phenomena — those connected with excitement 
of themotor nerves of the heart — are much less characteristic 
of the disease than the above-mentioned sensory disturb- 
ances. Some have described the heart's action as nearly 
normal, some as increased in force and associated with pal- 
pitation and a full pulse, and others as diminished iu force 
and accompanied by a small quick pulse. The last observa- 
tion has given rise to the theory that angina pectoris consists 
of spasm of the heart, whereby the contractions are ren- 
dered very weak and incomplete ; hence the twm " sLeuo- 




cardia." Oecasionallj, however, while the heart appears to 
be acting vigorously, its real force is but slight, since, in apite 
of its apparently powerful contraction, the radial arteries 
show only a small degree of elevation and tension — at least, 
towards the end of the attack (Lander Brunton "). 

With respect, also, to the respiration, the observations on 
record are quite at variance vrith each other. It is some- 
times stated to be quick, sometimes alow, and occaaionally 
not at all involved. Our own experience leads us to adopt 
Parry's t conclusion, that the changes in the respiration are 
principally, perhaps even solely, due to the pain. 

These contradictory statements may be explained by Eich- 
wald's X clinical observation, that even in one and the same 
patient the state of the respiratory and circulatory organs 
varies greatly, according to the duration of the attack and 
the exact stage at which the examination is made. Thus, in 
the same case the action of the heart may be found either 
excited and powerful or weakened, or there may be great 
dyspnoaa or perfectly tranquil respiration. The more violent 
the attack the more marked may be this contrast. During 
the paroxysm, when the pain is most severe, the force of the 
heart's contractions seems to be lessened, while in the pain- 
less intervals it appears to be increased. Severe cases are 
marked by a succession of attacks, the patient, during the 
intermissions, being free of pain. Less acute cases consist 
sometimes of only one such paroxysm, in which the move- 
ments of the heart and respiratory organs may be nearly 
normal. In the physiological analysis of the phenomena, 
however, we must keep before our minds only the most 
typical cases, and in these the action of the heart is always 
more or less aSected. 

We thus regard the substernal pain, the feeling of anxiety, 
and the disturbance of the heart's action, as the essential 
symptoms of angina pectoris, and the changes in the respi- 
ration, for the most part, as only the result of the pain. 
How far these conditions may be ascribed to disordered 
innervation of the heart we will now attempt to show. 

The pain which ushers in an attack has its origin, doubt- 
less, in the cardiac nerve plexuses. This assumption is sup- 
ported by the circumstance that the pain always rises in and 

• " Lancet." 1867. July 27, p. 97, 

t See Stokes, " Labrbnch der Hprzkraokheiten." p. 398. 

t " Wuribnrgei med. Zeitecbrift," 1SG3, Baiul iy., p. 49. 2 
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Tetnaina fixed at the part correapoadiDg to the situation 
of the heaii, and here, also, is most intense. There is 
also no afl'ection of any part in the immediate neigh- 
bourhood of the heart which gives rise to such striking and 
uumistakeable symptoms ; those, especially, of gastrodynia 
(cardialgia) bear no resemblance to the paroxysms of angina 
pectoris, and may be excluded from further consideration. In 
its normal state the heart has certainly little sensibility ; 
that, nevertheless, an irritation of its sensory nerves under 
pathological conditions should produce so much pain is 
as little to be wondered at as the like result occurring 
in other organs having' their innervation from the sympa- 
thetic — in the stomach, intestines, &c., for example. The 
heart receives its sensory nerves, not only from the vagus, 
but also from the sympathetic; for when both vagi are 
divided, and the heart is subjected to mechanical irritetion, 
the animals so operated on (rabbits), as Goltz * has noticed, 
give indications that they feel pain. 

It thus appears pretty certain that the sympathetic, which 
forms such a large part of the cardiac plexuses, contains nerves 
of sensation. It has also been justly remarked that the 
nature of the pain in angina ppctoris shows great analogy to 
that of irritation of the sympathetic nerves, as in affections 
ofthe gall-ducts {gall-atone colic) of the stomach (cardialgia), 
&c. 

This neuralgia of the nerves of the heai-t is in some cases 
idiopathic, but is more often the result of dii'ect irritation. 
One naturally thinks of such a theory in certain organic 
diseases of the heart, such as ossification of the coronary 
arteries and aortic valvular deficiencies; the cardiac plexus 
also lies so close to the arch ofthe aorta (below and behind it), 
with the aortic plexus very near it, that morbid changea 
going on in the walls of that vessel may readily cause direct 
mechanical initation of the plexuses in the immediate 
vicinity. Why these acute attacks of pain occur only 
as paroxysms at certain intervals, whilst the hypothetical 
cause which gives rise to them continues uninterruptedly in 
operation, is as difficult to explain, in this as in other par- 
oxysmal neuralgias. 

As regards the causes of the pain in those cases in which 
organic changes in the heart are wanting, we cannot even 

• TiiohDw'a " AioliiT," 1863, 26th Band, p. I. 
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giieaa whut they are. It cannot have its only origin in the 
change in the heart's action, whether the power of the 
heart be increased or diminished, as the most extreme 
departure from the normal standard in that respect, both 
the increased action of hypertrophy and the decreased 
action in fatty degeneration, may indeed produce a sensation 
of anxiety, but is never associated with pain at all resembling 
that of angina pectoris. When the heart's action is affected 
to only a moderate degree it ia very frequently not percep- 
tible by the patient. 

In explanation of the tranamission of the pain from the 
prBecordial region to the other parts of the body, especially 
to the left arm, we must devote a few words to the anatomi- 
cal relations of the cardiac plexus, ita composition, and its 
connections with the nerves of the arms and neck. The 
cardiac plexus is composed of the cardiac branches of the 
vagus and the cardiac nerves, the latter rising in the cervical 
ganglia and the first thoracic ganglion of the sympathetic. 
The ganglion eervicale eupremum of the sympathetic, in which 
the superior cardiac nerve originates, has severa.l connecting 
branches with the three or four upper cervical nerves, v?hich, 
again, contribute to the formation of the cervical plexus ; 
fortheFj the superior cardiac nerve anastomoses in the neck 
with twigs from the descending branch of the hypoglossal 
nerve, which also receives filaments from the second and 
third cei-vical nerves. The superior cardiac nerve is thus 
seen to have intimate relations with a number of the cervical 
Bpinal nerves. 

The ganglion, eervicale medium, from which proceeds the 
middle cardiac nerve, communicates with the fifth and sixth 
cerrical nerves, sometimes also with the vagus and phrenic 
nerves. 

The ganglion eervicale inferius, from which the inferior 
cardiac nerve rises, sends branches to the sixth, aeventh, and 
eighth cervical nerves and the first dorsal nerve. The four 
lower cervical nerves, however, and tbe first dorsal nerve, 
join to form the brachial plexus, and thus we find that the 
lower cervical ganglion and the inferior cardiac nerve rising 
from it are in connection with the brachial plexus. In addi- 
tion to these should be mentioned the repeated anastomoses 
of the sympathetic with the vagus ; tbe ganglia of the 
former ai'e in communication with branches of the latter, 
both with several rising from ita trunk, and with the 
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superior and inferior laryngeal nerrea ; and the va^os, 
agHiD, is joined to the cervical neiTes by a twig passing 
from it to the descending branch of the hypoglossal neire. 
The cardiac plexus is abnndantly connected by branches 
with the thoracic aortic plexus and the coronary plexuses of 
the heart. The occurrence of pain during the stenocardiac 
attacks in the regitms supplied by the cervical nervet is thus ex- 
plained by the communications existing between the cardiac 
plexas and the anterior divisions of the four upper cervical and 
first dorsal nerves, while the painful sensations radiating to- 
wards the left arm may be said to be due to the participation of 
the anterior division of the first dorsal nerve in the formation 
of the lower cord of the brachial plexus. That the pain is 
felt more frequently in the left arm than in the right is, 
perhaps, partly owing to the fact that the heart and aorta 
are situated more towards the left side of the body than the 
right, so that disease in the aorta is more likely to involve 
the nerves of the left side ; it is also partly the result of the 
freer nervous anastomoses on the left side than on the right. 
The pain occasionally reaches the front of the chest, passing*, 
probably, through the fascicuh which connect the dorsal 
spinal nerves with those of the brachial plexus. There are 
also radiating pains in the region of the diaphragm, which 
may be traced to the connection between the phrenic and the 
cardiac nerves, through the fourth and fifth pair of cervical 
nerves. The phenomena sometimes observed in the domain 
of the vagus — diSculty in swallowing, nausea, dysphonia — 
may be referred to the numerous anastomoses of the nerve 
with the sympathetic, especially to those between the cardiac 
plems and the cardiac branches of the vagna. The comma- 
nicationa of the cardiac plexus with the aortic and coronary 
plexuses explain the frequency of the stenocardiac attacks 
when the coronary arteries are ossified and contracted. 

Sometimes we find the pain of angina pectoris eon- 
fined to one part, such as the prsecordial region, at other 
times radiating in the direction of the different nerve 
trunks. This depends to a great extent, next to simple 
mechanical conditions, on the intensity of the original irri- 
tation of the cardiac plexus. As in other neuralgic affections, 
we may assume that the number of nerves involved increases 
with the intensity of the pain. In some cases which were 
imder our own observation some months we found that the 
more acute the primary pain in the precordial region the 
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greater waa its radiation, and that in cases of less intensity 
there waa almost no radiation towards the left arm, the pain 
reaching only as far as the shoulder, while on the front of 
the chest it waa but very alight. 

The sensation of oppression and anxiety must be regarded 
as depending on the prEccordial pain — at least soeh a rela- 
tion seema to ua to be more probable than the idea that it is 
the result o£ a change in the action of the heart. We have 
already, while discuasing the praecordial pain, referred to 
Buch a theory, and may also here repeat that when there 'vi 
obstruction of the circulation, such as occurs in the various 
valvular defects to a greater extent than in angina pectoris, 
this feeling of anxiety is absent. 

Having discussed the neuralgic phenomena of the steno- 
cardiac attactjwe come nowtothe consideration of the coiwes 
of the motor disturbance of the heart. 

Aa already stated, we cannot proceed on the assumption 
of excitement of any single system of cardiac nerves as the 
cauae of these disturbances ; we can only analyse the pheno- 
mena according to our present knowledge of the innervation 
of the heart, and so endeavour to show in what way the 
symptoms may be truly explained. 

Three systems of nerves are concerned in the innervation 
of the heart — first, the anlomatia (ganghonic) system j 
secondly, the vagus system, which moderates the heart's 
action ; thirdly, the sympathetic nervous system. Altei-ation 
in the action of any one of these may lead to the phenomena 
in question. 

We refer first to the automatic system, of cardiac nerves. 

The heart continues its rhythmical action some time (in 
cold-blooded animals some hours) after being removed from 
the body. The sources of innervation necessary for this action 
are the groups of ganglia that lie embedded in the muscular 
tissue of the organ. Influences which arrest the functions 
of these ganglia, or of the muscular structures under their 
control, immediately cause the contractions of the heart to 
cease. An example of this is seen in the efl'ect of difFerent 
cardiac poisons introduced into the ventricular cavities of 
frogs, or when the entire heart is immersed in poisonous 
solutions. Laudoia * has shown that the disturbance of the 
automatic actioa of the ganglia by the direct inflaence of 

* " Qreifawalder medkiiileolie Beitifige," ii. Band, 1861, p. 18X'177. 
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certain poisoos may be of two rarieties — on the one baad 
stimalatioD, on the other depression, or even paralyais, of the 
heart'a action. ITeoJI: solutions of varioua aabstaocea, brought 
into contact with the endocardiam (in the frog), irritale the 
ganglionic cells Ijring anderaeatb, and excite the heart to 
increased activity; gtroiig solutiona qoickly paralyse the 
ganglia, and at once arrett the contractions of the heart. 

In a way similar to that in which the above-mentioned 
physiological phenomena are brought about, the cardiac 
ganglia may be affected under pathological cii'c tuna tan cea. If 
the rhythm of their action be disturbed by any cause, by 
abnormal resistance to the circulation of the blood (aa in ral- 
Tular insufficiency and atheromatous processes in the aorta), 
or if the blood-supply to the ganglia be inadequate (as in 
contraction or closure of the coronary arteries), or if, as is 
improbable, the ganglia become inpolved in diseases of the 
muscular tissues of the heart (such as myocarditis or fatty 
degeneration), an alteration in the action of the heart may 
take place, and that of one of twokinda: either the frequency 
of the contiuctiona ia iiicreased when the above-named condi- 
tions give rise to irritation of the gauglia,or it is decreased when 
the influence ia of a paralysing nature. The fact that in the 
stenocardiac attack this force is observed to be sometimes in- 
creased and Bometimea diminished, ia quite consistent with the 
assumption that this change may be connected with alteration 
in the function of the automatic ganglia ; and as when poi- 
Bonous aolutions are injected into the endocardium the above- 
noticed contradictory phenomena follow, according to the 
degree of concentration, so one may suppose that the patho- 
logical irritation, according to its intensity, may be followed 
by increase or diminution of the heart's power. 

In support of the theory that the ganglia are affected, per- 
haps in consequence of an inadequate blood-supply (as in 
aortic insufficiency and contraction of the coronary arteries), 
we may quote the experimental fact that after artificial 
closure of the coronary arteries the contractions of the heart 
are diminished in frequency, and in a short time eeaae, but 
return with perfect regularity when the ligature is undone. 
(v. Bezold.*) 

The heart symptoms, at least in some eases, may be caused 
by disorder in the second of the above-mentioned cardiac sys- 

* " Cenlxalblatt tdr dia med. Wissemchafteii,' 18G7. No. 23. 
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tema of nerves — the inhibitory system of the vagus Derve. 
Thus, cases occur in which the pulse ia retarded. Eichwald 
has observed many such, in which the pulse was at first 
slow, full, and hard, but subsequently, when the paroxysm 
had lasted somewhat longer, irregular, intermittent, or 
even imperceptible. These pulse -phenomena correspond 
to those observed when t!ie vagus nei-ves in the neck are sub- 
jected to electric stimulation ; thus we may assume that it is 
irritation of the vagus which gives rise to the alow pnlso in 
the above-quoted cases of angina pectoris. In the majority 
of stenocardiac seizures, however, the pulae ia accelerated, 
which points to the conclusion that the cardiac branches 
of the vagus are for the time paralysed, so that the restrain- 
ing power usually exercised by them ia diminished. 

No pathological change in the vagus has yet been demon- 
strated in simple, uncomplicated angina pectoris. There is re- 
corded, however, a case resembling this disease in many parti- 
culars, in which the vagus was found to be affected. The 
most striking aymptom presented by the patient, who waa in 
Skoda'a clinique, and whose case is described by Heine,* was 
that the action of the heart was frequently completely sus- 
pended for Home seconds, usually for a period that should have 
been occupied by 4-G beats ; he had also an indescribabln 
sensation of anxiety like that in angina pectoris. On post- 
mortem examination, Uokitansky found the right phrenic 
nerve thrown up into dark blue knots and interspersed with 
chalky concretions. The great cardiac nerve, passing upwards 
from the plexus situated between the descending aorta and 
the pulmonary artery, united with the cords composing the 
sardiac plexus to form a black swelling of the size of a hazel- 
nut just under the arch of those vessels, and was consider- 
ably thickened before passing into this enlargement. The 
branches of the left vagus, descending in front of the left 
bronchus to the pulmonary plexua, were found to be similarly 
involved in a dark-bluish tumour formed by a lymphatic 
gland, 

There ia also a form of angina pectoris occurring in 
diseases of the abdominal organs, which, on physiological 
grounds, we may regard as a reflex neurose of the vague. 
This theory rests on the physiological fact that by irritating 
the sympathetic nerve in the abdominal cavity (as in Goltz'a 

* " Muller'a Alcliiv fiir FhfBialogie," 1811, p. ZdG. 
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percussion experiment), one may arrest the heart's action in,-! 
the diastole — exactly what follows direct irritation of the 
vagi in the neck. It was shown in the physiological part of 
this work that this effect on the heart is produced through 
nervea which excite the Tajjua by reflex action, which nerves 
are distributed in the trunk of the sympathetic and pasa 
through the ramico mm unic antes to the spinal marrow 
between the third and sixth vertebral. After division of the 
vagi irritation of the abdominal sympathetic haa no influence 
on the heart. In a similar way, it may be assumed thafc I 
stenocardia, in diseases of the abdominal organs, is oftei^B 
due to a reflex disturbance of the heart by pathological irrii* 
tation of the abdominal plexuses. 

Finally, the phenomena of angina pectoris, with respect 
to the action of the heart, may also be explained by a condi- 
tion of irritation in the cervical or thoracic parts of the sym- 
patlietic, which contain, as was formerly shown, the acceler- 
ator nerves of the heart. 

The sympathetic may also be in another way concerned in 
these changes. Since the vasomotor nerves of the h 
come from the sympathetic, any functional disorder of t 
is followed by a change in the tone of the vessels, and, then 
fore, by a citange in the blood pressure, which may react ( 
the heart in two ways; When the vasomotor nervea are irr 
tated, the vessels contract ; but when paralysed, dilataUon of 
the vessels ensues. In the first case the action of the heart is 
rendered more energetic because the narrow peripheral 
channel ofl'ers an obstruction to the emptying of the heart, 
and raises both the blood-preaswre in the aortic system and 
the frequency of the pulse ; in the second case, on account of 
the diminished resistance to the circulation of the blood, the 
pressure in the aorta becomes less, the heart acts more feebly, 
and the frequency of the pulse is lowered. Cahen* long ago 
advanced the theory that certain cases of angina pectoris 
might be connected with the vasomotor fibres of the sympa- 
thetic. Some time after Landois,t and then Nothnagel,! 
recorded cases of angina pectoris, which they ascribed to 
general arterial spasm, frequently produced by the influence 
of cold in persons otherwise healthy ; therapeutical agents 

• "ArehiTea gen^ralee He Mfol.," 1863, Vol, ii., p. 564-570, and p. 696-GB8. 
t " Correflpondenzblatt fur PByohiatrie," 1866. 
"Angina peotoria Taaomotoria," " Arcbiv tiir klimache Medicin," 186T, 
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which relieved this state of spasm (such as irritation of the 
vessels of the skin, application of warmth) also arrested these 
attacks. 

Pathological anatomy furnishes ns with only one, but a very 
important, fact, which goes to support the theory that the 
sympathetic is concerned in the production of this disease. 
Jn the body of a man, 45 years. of age, who died in an attack 
of angina pectoris, from which he had for a long time 
suffered, Lancereaux * foand pathological alterations in the 
cardiac plexus. We quote the report literally : — 

"A I'antopaie on eonstata I'existence d'une lesion de 
I'aorte. Entre ies deux orifices des art^res coronaires r^tre- 
cies au point de permettre k peine I'intr eduction d'un stylet, 
se troure une plaque saillante de pluaieura centimetres 
d'etendue, k rebords festonnes, et eomposee en grande partie 
de tissu conjonctif de nonvelle formation. Situ^ entre la 
coHche interne et la couche moyenne le ntoplasme paralt 
contenir dans son epaisseur de fines arborisations ; latunique 
exteme de I'aorte etait le siege d'une vascularisation anormale 
extreme m en t riche. Lb plexus cardiaque participait a eeite 
vascularisation, et quelquea uns de ses filets ae trouvaient 
compris dans une sorte de gangue oa de plasma appliqu^ & 
sa tunique esterne ^paissie. L'examen microscopique des 
filets nervenx et des ganglions montra d'une fa^on positive 
que dea nombreux noyaux ronds ae trouvaient interposes sous ' 
forme d'amaa entre Ies elements tubuleux qu'ils comprimaient 
plus ou moins ; la portion medullaire de ces elements 6tait 
d'ailleurs grisAtre et grenue." 

We also, in several cases, have made a therapeutical trial 
of galvanisation of the sympathetic in angina pectoris, but 
have not been rewarded by any very evident good result. On 
the other hand, Cordes t reports that he produced very mani- 
fest improvement in one case by galvanising the left sympa- 
thetic. This case, which was of the kind formerly spoken of 
as angina pectoris vasomotoria, is specially interesting, as the 
left sympathetic was painful and evidently irritated, and 
tliere was a persistent dilatation of the left pupil. 

To sum up, we would state that the symptoms in angina 
pectoris may be referred to various causes, some of which 

* " Da I'aiyration de Taorte et da pleins oardiaqaa dana I'angias ds 
poitrine," Gaj;. mM., 1864, p. 433. 

t Cordes, " DentaeboH Arohiv fur klin. Med ," 1874, Bd. x[y., p. 141. 
V. Hubner, also, biiE got the most favoaratile rcaiilta from galraniaing Che aym- 
pBthetic in one coHe oFaogiiia pectoris. " Arobiv far klia. Ued.." 1873, Bd. lii. 
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may be external to the heart ; that probably all the cardiac 
nerves, and the ganglionic apparatus of the heart, co-operate 
to a greater or less degree ; and that the variable character 
of the phenomena observed in different cases may be traced 
to the greater or less share taken by the different nerves 
forming the cardiac plexus. The sympathetic is probably most 
considerably involved, as it takes the principal part in the for- 
mation of the cardiac plexus, 

IX. — Addison's Dibbabe. 
Bronzed Skin. 

In the great majority of eases of Addison's disease dege- 
neration of the suprarenal capaiiles has been found, and the 
inference has been, with perfect justice, made, that that 
degeneration must be, in some way, connected with the 
clinical symptoms of the disease. The objections, thatdiaeasea 
of the suprarenal capsules occur without bronzing of the skin, 
and that instances have been observed of complete absence of 
these bodies in men who were quite healthy during life,* do 
not weaken the above theory. Another question is whether 
the only cause of bronzed skin is to be sought in degenera- 
tion of the suprarenal bodies, and whether the latter is the 
primary or the secondary affection. 

After Addison had drawn attention to the suprarenal cap- 
sules, physiologists soon attempted to detei-mine experi- 
mentally what the hitherto unknown function of these bodies 
might be. The results of these researches, however, did not 
support the assumption that the cause of Addison's disease ia 
to be found in affection of the suprarenal glands. Brown- 
Sequardf certainly observed that death occurred very quickly 
on extii-pating the suprarenal capsules in animals ; further, 
after the extirpation, he noticed an accumulation of 
pigment in the blood, and from these facts concluded that 
the suprarenal bodies are organs whose function it is to 
separate and to destroy pigment. But all other authors who 
have repeated these experiments on many different kinds of 
animals, contradict those statements. Gratiolet,! Philip- 

• Martini, " rompteB rendns," 1856," Tome xliii., p. 1052. 
" British Med. Journal,' 11 Septr., 1858. Stedmaon, " Gnj' 
viii,, 18B3, p. 1. 

+ " Comptea rendna," 1856, Tome xJiii., p. 422 and 904 ; " 
1867, Toms ilii., p. 2*6 ; and Tome iIt., p. 1036. 

J ■' Comptea reudus," 1856, T. lUii., p. 468. 
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peaus*, BeiTuti and Perosinof, Harley,J Chatelain,§ Schiff,|| 
&c., have shown that if death occur soon after the extirpa- 
tion it ia merely the result of the severity of the operation, 
because, under fayourable circum stances, they have kept 
alive many animala, both those possessing pigmented tissues 
and others that were albinos, weeks and eveu months after 
cutting out the suprarenal capsules, while, at the same time, 
no increase of the pigment of the skin was observed, nor, after 
death, any anomaly of pigmentation in the internal organs. 

Chemical examination of the suprarenal bodies has 
furnished us with no certain information regarding their 
normal functions, or the pathogeny of Addison's disease 
{Vulpian,11 Virchow,** Arnoldtt)- 

VirehowJJ has pointed out the resemblance of the colour- 
ing matter found in the normal suprarenal capsules to 
that of the rete Malpighii, but in how far this normal pig- 
mentation is connected with the staining of the akin is 
still undetermined ; on the other hand, little value is to be put 
on the statement that in negroes the suprarenal capsules are 
relatively very large (Caason) §§, an observation not confirmed 
by Cniveilhier. |{ [| Opposed to these negative results of experi- 
mental research, and partly befnre physiologista had become 
acquainted with the over-estimated importance of the func- 
tion of the Buprarenai bodies, another theory regarding the 
origin of Addison's disease had been put forward, according 
to which it ia of a secondary character, depending on an, 
affection of the nervous system, especially of the great abdominal 
plexuees of the gympathetic. 

This view evidently originated in observation of the relft- 
tion subsisting between the nerves of the suprarenal capsules 
and the abdominal plexuses of the sympathetic. Thus, the 
ganglion semilunare sends a considerable number of twigs to 
the suprarenal bodies, and these form there a close network, 
which ia, aa Virchow HI discovered, richly supplied with 

• " Comptea rendns," 1856, T. iliii, p. 964 and 1156 ; T. iliv,, p. 396. 

t ■' CanBtatt'B Jahreaberioht," 1857, it., p. 265. 

X •' Britiah and Foreign Ked. Chir, Review," 1858, vol. iii., p. 204 and 498. 

{ " Be la peaa bronzee, on Alalaiiie d' Addison,'' Th^e, StraasboDrg, 1859. 

II "Union MSdicale de ParJB," 1863, No, 61, p. 34fi. 

il " Comptes rendna," 1666, Tome liii., p. 6e4i and Tome i]v., 1857, p. 3*1. 
•• " Arobiv fiir path Anat.," 18S7, Bd. lii., p. 481. 
tt "AtcWt tiir Path. Anat.," 1866, Bd. mi., p. 64, 
jt " Die kranUiaf ten GeBchwulflte," Bd. ii., p. 696. 
g§ Spe Virohow, " Die kraofeiaften GeBohniUate," Bd. ii., p. 695. 
IMI See " &Dhmidt'H Jahrbilcber der HediuiD," Bd. ciztL, p.239. 
1F»[ " Virohew h Archiv,*' 18B7, Band. iii.,p. 483. 



110 The Sympathstie Syttetn of Nervea, 

ganglia. These anatomical coHBi^erationa and the cbanges — 
which we shall diacuas fiirther on— lately found in the abdo- 
minal plexuses of the sympathetic in a great numher of 
caaea, have tended to strengthen the theory that Addison's 
disease is intimately connected with structural change in the 
sympathetic. Tht great majority of authors, including, most 
recently, Headlam Greenhow,* are inclined to this belief. We 
have not, however, any very good physiological reason for 
this, for we can just as seldom produce the aymptoms of 
Addiaon'a disease by extirpating the abdominal plexuaes of 
the sympathetic as by eseiaing the suprarenal capsiUea. The 
results of a number of these experiments are given in the 
physiological part of this essay. 

While experimental physiology thus seems rather opposed 
to the theory that this diaease is dependent on an affection 
of the abdominal sympathetic, pathological anatomy has com- 
paratively lately furnished us with certain observations which 
point with some show of probability to this conclusion. The 
numher of eases in which morbid changes have been found in 
the sympathetic is not small ; in many of these, however, the 
examination appears to have been incomplete, and, with 
respect to some, it may be questioned whether the structural 
alterations observed possess any real pathological value, and 
even when they can claim such value, whether they should be 
regarded as primary, or only as secondary affections. Such 
as they are, we now proceed to quote these cases in 
detail ; — 

1. Quectett t found fatty degeneration of the solar plexus 
in one case. 

2. hecorded hy Monro. J — A woman, 40 years of age; 
both suprarenal capsules degenerated, and adherent to the 
surrounding parts — the right enlarged to four times its proper 
size. The Bympalhetic nerves from the imall splachninc, and 
some of the ganglia of the solar pleanis, swollen and of a red- 
dish colour (hyper(emdc) ; the left snprarenal body had pre- 
served its normal size and position, and its nerves were lesa 
injected. 

3. Recorded by Washington Lovegrove.§ — An engineer, 
32 years of age. — ^Autopsy performed by Wilka. Both aupra- 

• " Lancet," 1875, Vol. i., p. 327, 361, 395, 429, 463, B32. 
f The porticalBTB of this caae are not given in an; of the books or ^blioa. 
tioDS to whiob we b&ve had access. 

J Monro, "Abboc. Med. Jonr.," 1BS6, p. 848. 

§ Waaiiington Love^oye, " Med. Timos and Gaz.," 18oS, 17th July. 
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renal eapsnlea degenerated into albuminoua, chalky maBsea, 
adherent to the Burroundiug tiaaues — the right considerably 
enlarged. The semilunar ganglia were healthy, but the 
branches which they gave to the diseased glands were completely 
atrophied. 

4. fiecoided by F. J. J. Schmidt.* — A servant girl, 16 
yeara of age- 
Section, by Dr. Boogard, — The auprarenal capsules slightly 

enlarged ; the sympathetic in the neighbourhood of the abdo- 
minal aorta to a high degree atrophied. 

5. Recorded by van Andel.f — A woman, 30 years of age. 
Section. — Both suprarenal capsules totally changed by 

tuberculous degeneration. Microscopic examination revealed 
the presence of atrophy of the sympathetic, and of the solar 
plexus, with almost entire disappea/ranee of the med/ullated cells, 
and brown pigmentation of the ganglionic cells, in which the 
nuclmis could be distinguished only by means of its nucleolus. 

6. Recorded by Gull. J — A man, 31 years of age. 
Section, by Wilks. — Both suprarenal capsules transformed 

into large albuminous masses. The surrounding tissues were 
included in this new formation, so that the right semilunar 
ganglion and its nerves were completely emhedded in it, whilst 
the left was free, only its branches being enveloped by and lost in 
the mass. 

7. Recorded by Habershon.§ — A bookbinder, 18 years of 
age. 

Section. — Caseous and calcareous degeneration in both 
suprarenal capsules, the left enlarged. The lejt semilunar 
ganglion lay close to the left suprarenal capsule, and several 
large branches from, it were firmly embedded in the solid n&w 
formation ; microscopic examination, however, showed no change 
in the ganglion cells. 

8. Recorded by v. Eecfeliiighau8en.|| — A -woman, 40 yeara 
of age. 

Section. — The normal structure of the suprarenal capsules 
quite lost, but replaced by a grej tissue well supplied with 
blood, the products of chronic inflammation which had under- 
gone fatty metamorphosis. The caliac ganglion was injected, 
hut nothing abnormal was found when it was subjected to ex- 

• F. J. J. Schmidt, " Archiv fiir dia hollindiaehen BpitrBge," Bd. ii., p. 168. 
+ van Andel, ■■ Nedert. TiidMlir, t. Geneeek," vi., p. 200 (April, 1862). 

I ■' Med. Times and Gh»./' 1863, 24 Jauj. 

§ Haberehon, " Lancet," 1B61, 5 March, p. 269, 

II V. BecklinghaDsen, " Deutsche Klinik," 1861, No. 6, p. 78. 
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amination. The nerves of the sympathetic, including those 
passing to the suprarenal capsules, presented nothing abnortnal 
beyond being very full of blood, 

9. Virehow* states that he haa observed, in an iodividual 
who had suffered from cancer of the cssophagus and bronzed 
akin, a hyperplastic bEemorrhagic swelling of the suprarenal 
capsules, accompanied by thickening of the solar plexus. 

10. Recorded by Headlam Greenhow.f — A man, 32 years 
of age. 

Section. — Both suprarenal capsules enwrapped in thick 
fibrous tissue — the right considerably enlarged, the left 
smaller, and consisting of fibrous tissue interspersed with 
caseons and chalky masses. The nerves from the semilvMor 
ganglion eaitering the affected gland were at least twice a» large 
as usual, but showed under the m/icroscope only an increase of 
the fibrous sheath of the nerve bundles. 

11. Recorded by Meinhardt.J— A man, 52 years of age. 
Section. — Both suprarenal capsules degenerated. The 

microscopic examination {by Luschka) showed that the 
medullary part of the gland had the appearance of a tuber- 
culous mass consisting of molecular detritus and globules 
of fat. Nerve-tuiules and gaiigliotiic cells were eompletelij 
a bsent. 

12. Recorded by Bartsch.§ — A clerk, 48 years of age. 
Section, by Perla. — Bnth suprarenal capsules the seat of 

caseous degeneration. The semilunar ganglia were of normal 
size, embedded in a quantity of loose fatty connective tissue, 
greyish-red in colour, and presented a regular surface when 
cut. Microscopic examination showed the presence of whole 
ganglionic cells almost completely filled with small broum fatty 
molecules, only a few cells preserving a distinct nucleus. After 
treatment with acetic acid, the oblong nuclei in the pale grey 
fibres of Remak were decidedly fewer than normally, the bulk 
of the ga-nglia at most parts consisting of a fibrous connective 
tissue interspersed with fine, strongly -refracting molecules, and 
here and there with long narrow nuclei. The proper nerve 
fibres showed nothing striking, either in external appearance or 
in their ddstrHution. 

13. RecordedbySander8on.il — In the cane of a woman, the 

• VirchoTT, " Die trajikhftfteD QeBchwiilate," Bd. ii., p. 697. 

+ Qreenhow, " Path, TranEBot.," lyii.. p. 307. 

j MeinhanJt, " Wiener med. PreSBe," 1866, No. 1-4 and 7-9. 

5 Bftrtsch, " De Morbo Addisonii,'' Inangnral DisBertation, KOiugaberg, 1867. 

U Saoderaou, " Had. Tinies tuid GaK.," 1868, Oct. 31, 
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semilrmar gatigtia. and the Tierves cormecttng them with the 
suprarenal capsules, were enclosed in adenoid tissue. Thia 
tissue also surrounded and united the suprarenal bodies — ■ 
which were fatty in structure, though still showing distinct 
remains of the cortical aubstance — to the neighbouring 



14. Record(?d by M. Wolff.* — A merchant's apprentice, 
16 years of age. 

Section. —Both suprarenal capsules enlarged to three times 
their natural size, and degenerated ; microscopically, not a 
trace of the normal structure of these organs could be seen. 
The nerves of the solar plexus, and the semilunar ganglia with 
the nerves passing from them to the suprarenal bodies, were 
surrounded hy a firm envelope of connective tissue. On some of 
the nerves from the solar plexus, before they enter into the corre- 
sponding semilwnar ganglion, were ampulUform swelUngs. 

Microscopic eiamiaation of the semilunar ganglia showed 
that the greater number of ganglionic cells were intact and 
had a distinct nucleus, only a few of them containing some 
fatty molecules. In the nucleated fibres of Remak in the 
ganglia themselves nothing abnormal was observed. The 
increase in the amount of connective tissue, however, in the 
ganglia was very striking. This tissue was fibrous, and here 
and there provided with spindle-shaped cells. — The ampulli- 
form swellings, situated on some of the nerves of the solar 
plexus, just before entering into the con-esponding semilunar 
ganglia, were seen, on microscopic exauiination, to be small 
ganglia containing ganglionic cells. In these, as in the large 
semilunar ganglia, the hyperplasia of connective tissue 
between the ganglionic cells was well marked. Examination 
of individual nerves of the solar plexus demonstrated no other 
irregularity in the nerves themselves, but the already men- 
tioned thickening of the neurilema which, in cross section, 
showed itself by numerous processes passing in between the 
nerve bundles. The principal element of the process going on 
in the ganglia and nerves was thus found to he development of 
connective tissue, but of such a nature that it did not produce 
ainrophy either in the ganglionic cells or in the nerve filaments. 

l6. Recorded by Kuhlinann.f — A man, 33 years of age. 

Section, by Binddeisch. — The suprarenal capsules shrunken 
and full of tuberculous material. In the adhesions of the 
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capsules were found, on microscopic exaininiition, two large 
tierce trunks, the fibres of which had become the seat of fatty 
degeneration. 

16. Eecorded by A. Frankel.* — A man, 30 years of age. 
Section. — Eight suprarenal body almost double its normal 

size, degenerated, and containing some thick pus; the left 
rough, and of the size of a walnut, of the same structure. 
On this (the left) side the suppurative softening involved the 
outer part of the solar plexus, and formed in it an abscess of 
the size of a cherry. No microscopic examination was made. 

17. Eecorded by Burresi.t — A man, 43 years of age. 
Section. — Degeneration of both suprarenal capsules. The 

semilunar ganglia considerably enlarged, especially the left j 
the nerve trunks farming the solar plexus thickened; the 
ganglionic cells (under the microscope), especially on the left 
side, more granular and indistinct than usual, without a trace 
of a nucleus ; the neurilema hypertrophied. Further exa- 
mination showed that the whole sympathetic nervous systetn 
was injected and swollen, that both upper cervical ganglia, 
especially the left, were increased in size, more cyfindrieal 
than normal, and prolonged and tapering in a downward 
direction ; that the neurilema was hypertrophied, and that 
the enclosed mednllary substance was less in quantity. 
Microscopic examination revealed the presence of both old 
and recent effusions of blood in the ganglia and nerve 
trunks. 

18. Eecorded by .■^outhey.t— A woman, 30 years of age. 

Section. — The capsules of the suprarenal bodies trans- 
formed into a caseous mass. The semilwnar ganglia similarly 
affected. 

19. Recorded by H. M. Tuckwell.§ — A woman, SI years 
of age. 

Section. — The suprarenal bodies degenerated; the left 
united to the liver by a mass of connective tissue. The nerves 
entering the supra/renal plexus, the semilunar ganglion, and 
the great splanchnic nerve, were enveloped in the above-men- 
Uoned mass of connective tissue. 

20. Eecorded by IVubiger.H — An apprentice, 17 years of 
age. 

* A, Frankel, " Ein Fait vod Addieon'solier Kmnkheit," Inaug. Diaeert., 
Berlin, 1870. 

+ Bnrre8i, " Lo Speriraentale," iiv., 6.) (Anno, iiii., 1870), p. 521. 

t Sonthey, Pathological Sooietj of London. Sitting of 19 Deobr., 187l 

§ Tnckwell, " St. Barthol. Hosp. Sep.," TJi, (1871), p. 73. 

II ThibigBT, " Arohiv der Heiliimde," 1874, Bd, ir., p. 417. 
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Section. — The suprarenal capsules the seat of cheesy de- 
generation. A small-celled infiltration was found in tke great 
ganglia round the left suprarenal body, and in these bodies 
themselves. The ganglionic cells were unchariged. 



We will now quote some other cases, in which no change 
was found in the sympathetic. 

1. Recorded by Martineau.* 

Section. — Both the suprarenal capsules enlarged, and 
adherent to the surrounding tissues. The nerves of the cmliac 
plexus, and the ganglia of the solar plexus, were examined most 
carefully, and showed no change. 

2. Recorded by Child. f — A. woman, 37 years of age. 
Section, by Tnckwell, — Both suprarenal bodies enlarged, 

and infiltrated with tubercles. No lesion in Ihe nerves sup- 
plying the suprarenal glam.ds. 

3. Recorded by D. Williams. J — A woman, 46 years of 
age. 

Section. — The suprarenal bodies considerably enlarged 
and degenei-ated. 77*e sympathetic nerves of the amall 
splanchnic and the ganglia of tke solar plexus were normal. 

4. Recorded by Ohatin.§ — A man, 46 years of age. 
Section. — Both suprarenal capsules tie seat of tubercular 

degeneration. In the semilwaar ganglia no fatty metamor' 
phosis could he detected. 

5. Recorded by van deu Corput. || — ^A woman, 30 years of 
age. 

Section. — The left suprarenal body tuberculous, the right 
entirely atrophied, the nerves of the plexuses apparently 
normal. 

6. Recorded by Healop.lf — A man, 21 years of age. 
Section. — Both suprarenal capsules the seat of cheesy 

degeneration. No change in the sympathetic nerves and 
ganglia. 

7. Recorded by Schiippel.** — A farm servant, 34 years of 
age. 

Section. — Tlis sympathetic was perfectly normal. 

* MartineBQ, " De la Moladie d'AddiaOD," FsriB, 1864. 
t Child, "Lancet," 18 Peliy., 1865, p. 176. 
X WilliamB, "Brib. Med. Journ&l," Bth Febniai'y, IS6T. 
5 Ch»tin, " Gttz. mM de Ljon," 1867, p. 257. 

II Tan den Corpnt, " Jonm. da Bmiellea," xrii., p. S73. Dacli, ISGS. 
•if Healop, "Lancet," 1870, No. 23. 
•■ Schiippel, "Aichiv der Heilknncle," 1870, li., p. 87. 
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8. Recorded by Eoasbach.* — A woman, 62 years of a,ge, 
who bad suffered from Addison's disease, complicated with 
scleroderma. 

Section. — Both suprarenal capsules normal. No changes 
were obserrable in the thoracic or abdominal parts of the 
ryTn/pathetic, or in the solar plexus. 

9. Recorded by H. Wolff.f — A man, 50 years of age. 
Section. — Suprarenal bodies normal ; nothing abnormal in 

the sympathetic. 

10. Recorded by Kranse.J — A man, 20 years of age. 
Section. — Semilunar ganglia twrmal. 

11. Recorded by Bppinger.§ — A woman, 40 years of age. 
Section, — No change in the ganglionic celU of the ahdo- 

tninal ganglia of the sympathetic. 

12. Recorded by Pye Smith. [[ 

Section.— Both suprarenal capsules degenerated; the 
ganglia and the solar plexus, however, unaffected. 



Thus the results of examination of the sympathetic still 
remain antagonistic to each other, at one time negative, at 
another positive. But even should the positive evidences 
accumulate in the future, or if it be shown that the changes 
in the plexuses of the sympathetic are primary, and those 
in the suprarenal capsules secondary phenomena, the question 
would still be how the symiitoms of Addison's disease are 
caused by such changes — a question towards the solution of 
which we have not advanced one step. 

X, — Di^BSTES Mbllitds. 

In the physiological part of this essay mention is made of 
the well-known facts that in animals diabetes mellitus may 
be produced by wounding the fourth ventricle of the brain, 
by mating incisions in the spinal marrow at various parts 
from the mednlla oblongata downwards to the level of the 
lumbar vertebrae, and by injuring the cervical and upper 
thoracic ganglia of the sympathetic. It was further stated 

• KoHsbach, Vircliow's " Archiv," 1870, Bd. 

t H. Wolff, " Ein FaUyon Bronco krantheii 
p. 25. 

J KraQBe, " SitznngBberiohte des Vereina der Aerz' 
22 (1871-72). 

§ Eppinger, " BslimiBolies aratliohes Corraapoodeniblatt,'' 1875. No. E8, d. 

25a. 

[| Pje Smith, Vircbow'i "AreliiT," 1875, Goth Baud,, p. 602, 
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in detail that all these experimental procedures were followed 
by injury (paralysis) of the vaso-motor nerves of the liver, 
which rise in the neighbourhood of the arch of the fourth 
ventricle of the brain, traverse the cervical and dorsal parts 
of the spinal marrow to the fourth or fifth dorsal vertebra, 
join the sympathetic through the ramicommunieantes, 
pass downwards towards the liver, and eventually enter it as 
the hepatic plexus. 

Injury to these vaso-motor nerves, no matter at what part 
of their course, piv3ducea a paralytic dilatation of the vessels 
of the liver; this causes an increased flow of blood, and 
thus an augmentation in the quantity of sugar is formed, 
which then enters the circulation, and finally the urine. As 
we have formerly gone over these details, we have here only 
to answer the question whether diabetes in man is in any 
way dependent on disease of the sympathetic uervous system. 

This is undoubtedly the case in those forms of the disease 
which are analogous to diabetes in animals after injury to 
the central parts of the nervous system. To this category 
belongs diabetes from injury or disease of the brain involving 
the fourth ventricle and the parts near it, of which class of 
cases there are many recorded examples. Probably, also, 
many forms of toxic diabetes (as by carbonic acid poisoning), 
and the rare forms of intermittent diabetes (the analogues 
of other intermittent neuroses) may be due to some affec- 
tion of the vaso-motor nerves. 

A. considerable quantity of sugar has lately been found in 
the human urine (Braun *) in certain cases of neuralgia of 
the sciatic nerve ; this condition seems to resemble those 
cases in animals in which diabetes followed division of the 
sciatic nerve. In one case of inveterate sciatica of the right 
side we occasionally found sugar to the extent of about one 
percent., the quantity of urine passed daily being 3,000 ccm., 
and the specific gravity 1023. The sugar disappeared when 
the sciatica was cured, the specific gravity sinking to 1008. 

While discussing hyperidrosis unilateralis we mentioned 
that in three recorded cases of diabetes there were signs of 
disordered function in the sympathetic, usually increased 
perspiration on one side ; in one case there was also cou- 
tractiou of the pupil. Till we have further observations on 
this point it must remain undecided whether there is any 
pathological connection between hyperidrosis and diabetes. 

• Braan, " Lebrbncb der Balneotherapta " (Berlin, 1S68), p. 313. 
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We possess no pathological facts that would warrant the 
a&BumptioQ that the aympathetic tafees part in causing other 
varieties of diabetes. Nevertheless, we would mention that 
in a case of this disease, cfunplicated with atrophy of the pan- 
creas, Klebs and Ph. Munk* found the semilunar ganglia 
atrophied, whilst the hepatic nerves running along with the 
hepatic artery remained perfectly unaffected. Whether the 
atrophy of the solar ganglion has any relation to the atrophy 
of the pancreas or to the diabetes is unknown. The same 
authors noticed also that in dt^s, after partial extirpation 
of the solar ganglion, diabetes appeared and partly passed 
off again, traces of it being still present, however, till death 
occurred (1-2 weeks). At the fost-moriem examination of 
the last case it was noticed that the nerve elements were 
degenerated. 

XI. — Htferjcsthesiab op the Sympathetic System. 

1. — Hyperesthesia of tlie Mesenteric Plexm. 
(Enteralgia, Enterodynia, Colic.) 

Those affections of the intestinal canal and the parts con- 
nected with it, Tiaually known as Enteralgia or Colic, which 
Willis t seems to have been the first to consider of a neural- 
gic nature, have been for some time regarded by most 
authors as neuroses of the sympathetic ; and as their seat 
has been placed in the mesenteric plexus, they have been 
described as Hyperesthesia plexus mesenterici or neuralgia 
mesenterica (mesaraica). This refers both to the ordinary 
colic (also known as rheumatic, hysterical, &c,), and also to 
that well-marked form called Colica Saturnina (colica pic- 
tonum of the older writers), which is etiologicaUy and 
clinically almost typical; it includes also some endemic 
forms of colic, apparently almoMt identical with lead colic 
(colic of Pcitou, Madrid, Devonshire, Cayenne, " colique 
vegetale," &c.). 

De Haeu and Vanstrostwyk ascribe lead colic to a diseased 
condition of the abdominal ganglionic nystem. The same 
view is taken by Andral, Grisolle, and Eanque, who further 
hold that the spinal marrow as well as the sympathetic is 
concerned in the process. On the other hand, Astruc and 
Sauvagea believe that it rises purely from some spinal cause, 



I, p. 113. 
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while di£Eerent authors have absolutely denied its neurotio 
nature, and traced it to other local anatomical changes in the 
intestinal canal or in the abdominal coverings. 

Tanquerel des Planches, who has had unusual opportuni- 
ties of studying saturnine diseases, states most decidedly 
that the seat of lead colic must be sought exclusively in the 
eympathetic system. Tanquerel appealed to the belief most 
common amongst the physiologists aud pathologists of hia 
time, Bichat, Braehefc, Andral, Jolly, &a,, that the sympa- 
thetic system coustituted the motor and sertsory centre for the 
vegetative organs of the body.* " Should it ever be dis- 
covered — which is very improbable — that nerve fibres from 
any other part than the gangliouic nervous system supply 
motor and sensory power to the abdominal organs, in them 
we may expect to find the cause of colic ; but till such a 
discovery is made we can recognise no other seat for this 



From this standpoint — which was quite a just one con- 
sidering the state of knowledge regarding physiological 
function at that time — Tanquerel also disputed the theory 
adopted by Andral and others, that the spinal cord had also 
fiomethiug to do with it ; the latter, according to him, takes 
part in producing, colic only when it is accompanied by 
paralysis and arthralgia saturniua. " Colic has its seat in 
the sympathetic, and nowhere else." 

Amongst the reports of 49 autopsies, recorded by Tan- 
querel, there is one which possesses for us a special interest, 
because in it are mentioned considerable changes in the 
eyinpathetic. We will quote it in Tanquerel's owa 
words, f ! — 

" In the body of case 25 the ganglia of the sympathetic 
in the abdominal cavity were twice, some of them three 
times, their normal size, as calculated by comparison with 
the ganglia in two other cases. These ganglia were exter- 
nally and internally of a yellowish- grey colour, but were not 
perceptibly indurated. Nothing of special importance was 
found in the plexuses. The ganglia of the thorax and neck 
appeared relatively not to have become so large as those in 

■ Tanquerel des Planthcs, "Traite des maladies de plomb oa BatnmiDFia.' 
Fans, 1839. The foUnwiag qnotation is from a German tranalation. pabliahed 
b; Franlieiibeirger in 1843, p. SOS. Tanquerel holils tbat the seat of lead eolio 
is not eialnstvel; in tbe nieseiiterio pleina, but according as certain plexuses 
are apeciall; iarolved Che colic appears aa epigaj<tric, umbUical, h^iiogasCrio, 
renal, originating in the otEliao, mesenteric, hypogastrio, or ranal pleioa. 

t L. 0., p, BOO. 
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the abdomen. The other nervous ganglia abowed nothing 
farther whifh might Jistinguish them from those of the two 
other individuals with whom comparison was made." 

In all the other cases the report concerning the sympa- 
tlietic was negative. Andral,* Gendrin and others, could 
discover no alteration of the normal structure in tliia or in 
the other parts of the nervous apparatus. Tanquerel feels 
himself forced to regard the changes found in case 25, not 
as anatomical causes, but as reivlts of the colicf The other 
local changes found in lead colic aj'e both inconstant in 
occurrence and uniniportant,J and, moreover, their patho- 
genetic significance is limited by the circumstance that in 
those cases in which post-mortem examination has been made 
death was not, as a rule, caused by the lead colic, but by 
Bome complication. We have no fiirtber record of disease 
in the sympathetic or any other parts of the nervous system 
in lead colic, with the exception of one case described by 
Kussmaul and Maier.§ It occnned in the person of a 
painter, who had long suffered from chronic lead poisoning, 
and who died suddenly in an attack of colic. Besides 
chronic catarrh of the whole intestinal tract, there was 
fatty degeneration and wasting of the pancreas, and slight 
fatty infilti-ation of the stomach, especially towards the 
pyloric end; in the jejunum, ileum, and upper part of the 
colon there was atrophy of the mucous membrane, both of 
the stroma and of the glands and villi. There was increased 
development of the sub-mucous coat of the stomach and 
intestines by hyperti'Ophy of its areolar tissue and thickening, 
of the adventitia capillaris, the meshes of this layer being 
also filled with fat; the muscular coat of the intestine, 
especially the small intestine, was the seat of adenoid dege- 
neration, Jn the sympathetic many of the ganglia, especially 
the ctsliac and upper cervical, were indurated, the septa of 
connective tieeue being hypertrophied aiid hardened. Kuss- 
maul and Maier believe that the chronic dyspepsia which 

■ Andnil, "Cliiiiqcie m^oale," S ed., Tome ii., p. 229. 

t Tftnqii^el, L. c, p. 201. 

j AmougBC hie 4S cases Tanquerel found "bBlliog" of the intsatiiieB 16 
times, apparently accompanied by controction ; hypertrophy of Bnmner'a 
glanda seven timesi slight swelling of Foyer's patuliGB three Cimca ; thick 
layers of exniled mncna on tbe ttiut'one membrane fooF times; deep-seated 
softening five times i a completely normal state of the caval 20 tiniei. Other 
good DbserverB (Andral, Copland, Louifl, Stokea, &o.) conld find no pntholi^ical 
changes in ibe intustine. 

§ Eossmaal and Maier, "Deutsohea Acohiv fiir klinisolie Medioin,'' 187S, 
iz.,p.28a. 
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exists during life, the anremic pallor, the deficient nutrition, 
and perhaps, also, the habitual constipation (atony of the 
intestinal muscles and diminished secretion from the intes- 
tinal glands), are dependent on the above-mentioned patho- 
logical phenomena. They, however, regard the theory con- 
cerning the influence of the sympathetic in bringing about 
lead colic hb wanting further confirmation. 

As regards the other forms of neuralgia raeaenterica, we 
possess no important pathological anatomical facts, with the 
exception of one case of endemic colic observed by Dr. 
Segond, in Cayenne, in which some ganglia and nerves of 
the sympathetic appeared to be hypertrophied, harder than 
nsnal, and of an abnormal colour.* 

Under these circumstances we must confine ourselves 
entirely to the results of clinical observation, and it is 
qaestionable whether we are thus provided with very strong 
evidence of the sympathetic origin of colic. At the present 
day we need not discuss the doctrine, believed in by Tan- 
querel des Planches and many other physiologists and 
pathologists of his time, that the sensory and motor centre 
for the intestinal viscera is to be found only in the ganglia 
of the sympathetic. We know, on the contrary, that the 
sensorium commune in men is exclusively cerebral — i.e., 
that sensory impressions are felt only in the brain, and that 
also the movements of the vegetative organs are in various 
ways controlled and modified by the cerebro-spinal nervous 
centres, as has been proved by numberless experiments and 
pathological observations relative to the stomach, intestines, 
ureters, bladder, uterus, vasa deferentia, &c. Such a state- 
ment as Tanquerel des Planches' would now be an anach- 
ronism. K we teep in view the neuralgic nature of the 
group of symptoms known as enteralgia or colic, the only 
important subject for investigation is concerning the peri- 
pheral course of the irritating action ; whether — to express 
it more clearly — this is conveyed to the sensory centre by 
tytnpatketic or exclusively by cerebro-spinal a^fferent fibres. In 
the first case the sympathetic would have to be regarded as 
entirely a sensory nerve, the analogue of the sciatic nerve in 
sciatica, or of the trigeminus in prosopalgia. 

Romberg, who describes the " hypenesthesias of the sym- 
pathetic nerve " as a separate division of the second form of 
neuralgia f" hyperaesthesia from irritation of the central appa- 

• segond, " Eagai Hnr la neuralgia dn grand STinpathiqne, malsdie comma 
BOOB lei doihb de coliqaa vegetale, da Faituu,' Ac. Faria, 1837. 
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ratns *'), and includes under that designation not only cceliac, 
mesenteric, hypogastric, epermatie, and uterine nenralgia, 
but also cardiac neuralgia (angina pectoris*), writes in the 
following way of the general characteristics belonging to 
this ETOup of diseases t : — 

'* The hypertesthesios of the sympathetic nerve are distin- 
gnished by certain peculiar features, which depend on the 
physiological function of that portion of the nervous system ; 
first, the exciting of reflex action in the muscles, both 
voluntary and automatic. The impressions made on tha 
sensory fibres of the sympathetic in health rarely reach our 
consciousness, but at once bring about reflex actions. In the 
hypersBsthesias, however, conduction takes place in both 
directions, and so not only perception of the sensation 
follows, but also contraction of the muscular fibres, whether 
in the heart, intestinal canal, excretory ducts of the glands, 
or in the walls of the abdomen, &c. Next to reflex action, 
the nervous energy that governs nutrition is more affected 
thau in the hypersesthesias of the cerebro- spinal nerves. The 
Bo-called vegetative processes (secretion, and even the circu- 
lation) are disturbed," 

If we apply these general expressions to the affection 
specially under consideration, we observe in colic (both in 
the ordinary and in the saturnine forms) a number of 
abnormal motor phenomena, which have been under- 
stood to be dependent on reflex action. These are the 
partial, spastic contractions of the intestine, which in some 
cases, especially of lead colic, are not only subjective sensa- 
tions, but may be felt by the hand, and which have their seat 
chiefly in the lower part of the canal, the coecum and colon ; 
the spasmodic contraction of the sphincter ani also, so 
often observed by Tanquerel, has been regarded as of this 
nature. Other concomitant symptoms of colic (nausea, 
vomiting, painful micturition, dragging upward of the 
testicle, &c.), have been similarly explained as reflex actions 
connected with the stomach, urinary organs, cremasters, &c. ; 
more particularly the tension and stiffness of the abdominal 
walls during the attack have been thought to be of reflex 
origin. 

This theory, however, is clearly founded on the error that 




• Bombergj " Lehrbuch der NerventraiiiheiteD,*' 2te I 
14, p. 141-170. 
t Ibidem, p. 112. 
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in colic we have to do with a genuine neurose of a senaory 
nerve, that the essential element in it is disturbance ofeen- 
sation, and that the motor phenomena are merely accidental 
or aecondarily dependent on it. Such a doctrine is as 
untenable in this disease as in angina pectoris or hemicrania. 
When we, in the ordinary but inaccurate classification of 
nervous diseases, include colic among the neuroses or hyper- 
EBsthesias, we act in conformity with the maxim, " A potiori 
fit denominato," inasmuch as we give most prominence to the 
symptom which is subjectively the most ui^ent, or practically 
the most important — the pain. In fact, however, colic is just 
as little a hyperwKthesia of the mesenteric fUxus as angina 
pectoris is of the cardiac plexus ; it is rather a compound sensor- 
motor neurose, i.e., the same morbid actions which cause the 
irritation may at the same time produce the anomalies of 
motion through the motor nervous apparatus and muscular 
fibres. This is most obviously the case in lead colic. From 
many experiments on animals, and from the results of chemi- 
cal research in men (conducted by Tanquerel des Planches, 
Meurer, Devergie, Orfila, Ohevallier, Chatin) we know that 
the lead is deposited moat abundantly in the muscular 
system ; we know, further, that it acts locally in a high 
degree as a stimulus to contraction in the unstriped muscles, 
either directly or through the medium of the intramuscular 
nerve- termination 3 ; and to this are, for the most part, due 
the well-known astringent, styptic, and haemostatic pro- 
perties of the preparations of lead. Thus, nothing is more 
probable than that the lead deposited in the walls of the 
intestines stimulates the nnstriped muscular fibres to con- 
tract, and so gives rise to the partial spasmodic constrictions 
of the intestinal tube. This may be the ease in the smooth 
muscular fibres of the cesophagus, stomach, ureters, bladder, 
urethra, cremasters, &c. As regards the theory that the 
hardness and tension of the walls of the abdomen arise from 
reflex contraction of the abdominal muscles, it may be stated 
that it has no physiological warrant; at least we are not 
aware that any one has ever succeeded in producing reflex 
contractions of the abdominal muscles through the sensory 
visceral nerves. Moreover, these symptoms are neither con- 
stant in occurrence nor proportionate to the intensity of the 
pain ; they may, as Romberg justly obaervea, be quite absent 
when the pain is very acute, a circumstance which seems to 
us to tell against the assumption of any reflex connection 
between the symptoms. We leave it an open question 
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whether the tension of the abdominal coverings in lead colic 
is perhaps the result of a direct excito-motor action of the 
lead, the posaibiUty of wliicli, even when voluntary muscles 
are involved, being unquestionable, or whether it should be 
reckoned a consensual movement of co-ordination, occasioned 
by the painful contraction of the lower part of the intestine. 
We would only protest against the readineaa with which the 
term "reflex action" is used, without any just cause or 
physiological reason, as a handy explanation of any pheno- 
menon in the domain of the sympathetic. 

There is another train of symptoms which appears to us 
to be of greater importance and leas doubtful significance, 
and to point to a generally disordered state of tlie circulation, 
and especially to a diminution in the force of the hearths 
action during the colicky seizure; these are retardation of 
the circulation of the blood, paleness and coldness of the 
face and extremities, smallness and tension of the pulae, 
diminution in the number of the heart's contractions, the 
latter symptom being present in moat cases, and frequently 
to a remarkable degree. These phenomena may almost with 
certainty be explained as of a reflex nature, and dependent 
on irritation of the sensory nerves of the abdomen. The 
influence in operation here, t/iett, is reflex, the action of the 
heart being inhibited, by irritation of the medullary centre 
oj the vagus, as in Goltz's percussion experiment, and 
its later modifications. By means of these experiments 
(which have already been mentioned in the physiological 
part of this work) not only the disturbances of the circula- 
tion accompanying the visceral neuralgias have been in the 
most satisfactory way explained, but important evidence was 
adduced in support of the theory that these neuralgiaa have 
their origin in the sympathetic. 

Besides the indications quoted above, Romberg brings for- 
ward another symptom as chai'acteriatic of the hyperaBSthesias 
of the sympathetic, and to it we must, in a few words, refer. 
This is the aubjective sensation of faintness and weakness, 
the sense of impending death, felt by the patient while the 
attack lasts, and which is observable in the sunken, anxious 
expression on the face, the compressed lipa, the twitching of 
the nose, &c. We have already noticed this great subjective 
anxiety, which appears quite disproportionate to the severity 
of the objective phenomena in paroxysms of angina pectoris, 
and have explained it and the prsecordial pain as being due 
to neuralgic irritation of the sensory fibres of the cardiac 
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nerves. Regarding colic and similar forma of visceral 
neiiralgiu, which have been described aa hypersestheaias of 
the solar plexQS, cceliac neuralgia, &c., we would express onr- 
a in the same way, conaidering this symptom a neuralgic, 
radiative phenomenon, and not the reflex consequence of the 
embarrassed action of the heart. In this case as in the 
former, the latter theory is opposed by the fact that obstruc- 
tions of the circulation of a much more severe nature than 
ever occur in attacks of colic are frequently met with with- 
out any corresponding feeling of oppression ; and this sensa- 
tion may be present without any objective symptoms of dis- 
turbance of the circulation (paleneaa of the akin and a amall 
and stow pulse) accompanying the attack. We ourselves 
have observed this sense of oppreasion in great severity in 
persons whose face and extremities remained red during the 
aeizure, whose heart continued acting powerfully, and in 
whose pulse there was no diminution in volume. 

There still remains for discussion the question, usually 
quite ignored, regarding the route by which the painful 
impressions are conveyed to the sensory centre. We reject 
the theory of transference of impressions, " Querleituns," 
defended by Kiittner (on pathological grounds) and by VoTk- 
mann ; we feel inclined rather to accept it as a necessary 
postulate, confirmed hy anatomical facts, that there is a 
continuous connection through the rami com municantes, 
between afferent sympathetic fibres and filaments in the 
posterior roots and posterior columns. Under this presup- 
position we think it not improbable that, at least for the 
most part, the painful enteralgic sensations reach the senso- 
rium through the splanchnic nerves. 

As we mentioned in the physiological section of this paper, 
Ludwig and Haffter, and Naase, in their experiments on 
animals, found the splanchnic nerves to a high degree sensi- 
tive to painful impressions. Another symptom is perhaps 
of weight as showing that the splanchnic may be involved 
in this disease, namely, the extreme constipation that almost 
always attends colic, especially lead eoHc This cannot be 
explained either by the inconstant and transitory spasmodic 
action or by paralysis (Merat) of parts of the intestine. It is 
more probably to be traced to increased action of those fila- 
ments of the splanchnic which, when irritated, arrest the 
peristaltic movements of the small intestine. 

Besides the sensory nerves of the intestines distributed in 
the splanchnic, perhaps eemonj fibres from the plexuses 
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aiirrounctiii}; the abdominal arteriea may be involved in the 
enteralgic attack. We are here reminded of Colin'a eiperi- 
ineots ; be showed that the arterieB of the abdominal visoera. 
were possessed of great sensibilitj, in which the arteries of 
other parts were wanting. 

Against our theory concerning the share borne by the 
splanchnic, it may be said that v. Bezold could not, by irri- 
tating the splanchnic nerves in mammalia, succeed in pro- 
ducing the same effects (arrest of the heart's movements by 
reSex action} that followed irritation of the mesenteric fibres 
in frogs. The negative result of these experiments allows 
only one conclusion to be drawn, that besides the splanchnic 
nerves other afferent trunks transmitting reflex influences 
may participate in the pathological irritation causing the 
attack of colic — perhaps the nerves which accompany the 
mesenteric artery. 

n. — By^eroEgthnsia of the Solar Plexut. 

Neuralgia Cteliaca. 

Under the above name Autenrieth and Rombei^ included 
certain phenomena which, in their opinion, closely resemble 
the vagn a -neuralgias of the stomach (gastrodynia neuralgica), 
but which proceed, not from the vagus, but from the solar 
plerua of the sympathetic. For the details of symptoms we 
must refer to Romberg's masterly description of this disease ; 
we would only mention that the pain, as in gastric neuralgia, 
is felt chiefly in the epigastrium, radiating towards the back 
or the chest. 

Romberg believes the cardialgia accompanying intermittent 
fever, described by Borsieri,* to be of this nature. 

With regard to diagnosis, Eomberg remarks, " The feeling 
of weakness accompanying the pain, the sensation of im- 
pending dissolution, which is distinctly observable in the 
circulation and general aspect of the patient, appears to me 
to be (he symptom which is pathoguoraoaic of cceliac neu- 
ralgia, and which defines it clearly from neuralgia of the 
vagus." We have already fully discussed the sensation of 
oppression supposed to be characteristic of the sympathetic 
neuralgias, and its relation to the disturbances of the circu- 
lation which frequently accompany it; we can here refer 
only to what has already been stated. The uncertainty in 

• Bormeri, " Inetit. med. pract.," vol. i., p. 235. 
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Eom berg's distinction haa been especiallj noticed by 
Henoch,* who affirms that the two atfections, cUnicallj and 
therapeutically, are almost identical, v. Bamberger also 
holds that Eoniberg's description of coeliac neuralgia is 
simply an account of the symptoms of an acute cardialgic 
attack, and, moreover, he has not been able to find any 
anatomical indication of structural change in the coeliac 
plexu8. Volz, who has met with nineteen cases of this form 
of disease, found nothing abnormal on post-mortem exami- 
nation of one of these cases except cancer of the pancreas. f 

Wittmaackf opposes Henoch, and is in favour of Romberg's 
distinction ; in addition to the specific feeling of faintness he 
instances several other diiignoatic symptoms which, however, 
seem to us to be of no great importauce, namely, that coeliac 
neuralgia does not usually occur in young persons, that it is 
found more seldom in connection with sexual disorders (irregu- 
larities in menstruation) and lasts a shorter time than gas- 
trodynia neuralgica. Even if we admit all these considera- 
tions, they do not prove that we have to do with an affection 
of the sympathetic, and especially of the solar plexus. 

There are no available pathological anatomical facts, and 
no adequate physiological grounds, to enable us to make a 
proper estimate of the nature of this neurose. Anatomy and 
physiological experiment certainly show that twigs from the 
solar plexus take part in the innervation of the stoniach, bat 
in no way prove that sensory nerves, having a reflex action 
on the stomach, come from the same source. 

III. — Hypermsthesia of lite Sypogastric Plexus. 

This form of sympathetic neuralgia, first noticed by Rom- 
berg, is characterised, according to him, by painful sensations 
in the lower abdominal and sacral regions, radiating to the 
upper part of the thigh and the parts supplied by the spinal 
htemorrhoidal nerves. It is most common in ihe female 
sex, with hysteria or irregularities of menstruation, occurring 
often at the commencement of puberty. Of this nature are 
many of those symptoms to which the public and some 
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physicians apply the vague terms menatrual colic and, in men, 
ktemorrhoidal colic. 

Komberg supposes the sympathetic nature of this com- 
plaint to be indicated by " disorders of the circulation and 
secretioD in the orj^iana affected," wliich he looks upon as 
consequences of the hypeneathesia of the hypogastric plexus. 
It is, neyertheless, questiunable whether the local disorders 
of circulation and secretion (especially those of menstrua- 
tion) do not frequently precede the neuralgic phenomena, and 
stand rather in a causal i elation to them. Authors, however, 
who believe in a " htemorrhoidal dyscrasia " consider the 
neuralgia only as a later symptom of that affection. As 
regards specially the participation of the hypogastric plexus 
in this neurose we know far too little about its functions 
generally, and of its sensory function in particular, to be 
able to give a decision on the matter on phyaiolc^cal 
grounds. 

IV. — Hyperctsthesia of the Spermatic Plexus. 
Neuralgia Spermatica. 
In this category Romberg includes those affections of the 
male sex which Sir Astley Cooper has described as " irrUa^le 
teeiie," others as " neuralgia testis " or " neuralgia sper- 
matica." Valleix* liolds that it is identical with the 
" neuralgia ileoscrotalis " described by Chausaier,t and places 
its seat in the region of the cerebrospinal nerve trunks of the 
Inmbar plexus. Leubuseherl also seems inclined to this 
belief ; while Hasse,§ like Romberg, locates the affection in 
the spermatic plexus, and affirms that it is due to dilatation 
of the veins, with or without varicocele, in the tissue of 
the testicle. Cahen is of opinion that the disease in question 
is a primary genitocrural neuralgia, to which is frequently 
added, as in the nther neuralgias, an affection of the vaso- 
motor nerves. This he infers from the swelling and dilata- 
tion of the vessels of the testicle which, according to him, 
are not causal but secondary. 

' Valleix. " ObBervatJona od the Straotore and diseaaoa of tba Teetis.'' 
London, 1830, p. 49. 

t ChauBBier, "Table Synoptiquo de la Nenralgie sniTunt la Nometiclatiire 
M^ud. de rAoat." iB03. — VaUeii, " TraitC dea Nearalgies on ASectioTiB 
donl. dea NerfB." Paris, I841.^-See alao Neooourt, " Archiv Gen.,'' July and 
AngDBt, IS68. 

J LeubUBDher, " Krankheiten dea Nervenay sterna," Lp». 1860, p. 88. 

g IlasBB : •' KrankhoitCQ der Nor ffensys terns " {Virobowa "apeo. Poth. and 
Th.," Band IV„ AbthU 1), 2te. Auilj Erlangan, IStiS, p. 83. 
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In connection with neuralgia testis we may mention some 
other neuroses of the genital organs, as rising probably 
from the same or a neighbouring part of the nervous system. 
Amongst these are neuralgia of the urethra, met with only in 
men; the sensation of sexual pleasure exaggerated till it 
becomes a hyperassthesia, occurring most commonly among 
women, rarely among men, and the disease described by 
Gooch* as irritable uterus, and by others as uterine neuralgia. 
Cahen,t with regard to the latter, thinks that there is an 
immediate connection between the neuralgia and other func- 
tional disorders of the female genital organs considered by 
him vasomotor pbenomena. According to him we have to do 
with a primary ileo-lumbar neuralgia, to which is added a 
vasomotor ueurose of the utei-us (congestion, haemorrhage), 
frequently accompanied by abnormal secretion. The reverse 
relationship, that the ileo-lumbar neuralgia follows the 
uterine disease, is, in his estimation, not consistent with the 
order in which the symptoms present themselves. 

These authors, in describing such obscure groups of 
symptoms, have adduced nothing that would warrant us in 
locaUsing the seat of these affections in any sharply-defined 
part of the sympathetic system ; and physiology and patho- 
logical anatomy certainly furnish us with no adequate 
grounds for so doing. 

XH. — Anesthesias op the Sympathetic System. 

The anaesthesias of the sympathetic, like the hypenes- 
thesias, have been erected into a special group of sensory 
neuroses. In the meantime it is merely an empty frame- 
work, waiting to be filled up at some future time. We will 
in no way dispute the possibility of their existence, but we 
cannot conceal our impression that every condition neces- 
sary for such a nosological arrangement is absent. Physiolo- 
gical experiment and the results of pathological investiga- 
tion have so far provided us with no such data, and we 
possess no trustworthy functional tests by means of which we 
can diagnose diminution of sensibility in the sympathetic j on 
the organs supplied by the sympathetic there is conferred, 
under normal circumstances, a very slight, almost impercep- 
tible degree of sensibihty, and this entirely in the indefinite 

I at the most Importact DiaeaseH Peculiar to 
" De» N^TtoBBi VMomotrioBB." Aroh, Qen., 1863, T. ii. 
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form of the so-called common sensation, while muscular 
sensation and all the special qualities of the sense of touch 
are denied to the " vegetative" organs of the body. Thence 
we are asked to infer, improbable as it may appear, that the 
quantitative diminution of this almost imperceptible common 
sensation miikes itself clearly known to our conscioiisneaa, 
both subjectively and objectively, according to the analogies 
presented to us by the other ansestbeeiaa 1 In this difficulty 
the extenBive reflex connections of the sympathetic have 
been appealed to, and it has been attempted to esplain ansea- 
thesiaofthesyn-patbetie as due to the arrest or diminution of 
regular reflex action {as in the peristaltic movements of the 
intestines). But a double objection is here met with. First, 
with reference to most of the motor phenomena, those of the 
intestines for example, it is still very problematical whether, 
under normal conditions, they are really reflex, and not 
rather produced principally or exclusively by direct auto- 
matic stimulation of peripheral ganglionic apparatuses ; 
secondly, it does not necessarily follow fixim the absence of 
habitual reflex movements, even when the motor connection 
is shown to be complete and perfect, that we have to do with 
En actual anaesthesia, i.e., with a condition in which sensory 
impressions are enfeebled during transmission through, or 
are absolutely an-ested in, the sensory nerve-trunks. 
Absence of reflex phenomena may be due to disturbances in 
the central part of the track in which the reflex influence 
travels, in those nervous apparatuses (ganglionic cells) in 
which the afferent sensory stimulus is transformed into a 
motor impulse ; and these central affections may occur not- 
withstanding the complete integrity of the nervous channels 
by which the sensory impressions are conveyed. Keflex 
action may thus be ^minished or even arrested both while 
sensibility is intact and under the opposite conditions ; this 
is suflBciently proved by many cases of Tabes dorsalis, and 
other well-known examples. 

Xirr. — Sympathetic Paralyses abb Spasuoxiig Affections 

OF VOLCNTAET MuSCLES. ReFLEX PaEALTSIS, DlPHTHE- 

KiTic Paralysis, &c. — Tabes Dorsalis (Ataxie Looo- 

MOTKICF. PbOGEEBSIVE) . — EpiLEPST. 

Tn the preceding parts we have dealt with many motor 
disease); of a paniljtic or Sf asmndic character, which appear 
to be the result of the pathologically changed innervation 
of lenstriped muscular fibres on the part of the sympathetic 
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system. We have seen mjdriafiis riBe from a state of spa^m 
ia the aympathetie pupillary fibres, and myoeis from para- 
lysis of the same ; we have shown how it is probable that the 
exophthalmos and other symptoms of Basedow's di^eaae are 
caused by a chauge in the action of the sympathetic oa the 
UDstriped muscles of the orbit; we have discussed, when con* 
siderin^ angina pectoris, the dependence of motor anomalies 
in the heart and blood vessels on the sympathetic nerve; 
and, finally, we have repeatedly pointed to the motor con- 
nections of the sympathetic with abdominal organs (the 
intestinal canal, bladder, genital apparatus, &c.} as the source 
of the pathological motor disturbances in these organs. We 
could throw only a few gleams of light on tbese conditions, 
and on the circumstancf^s that warranted ns in including 
them in the "pathology of the sympathetic system," becaose 
it has not been hitherto possible to fix deiinitely tbo coarse 
of the motor iunervHtion of the organs in question, to separ- 
ate sufficiently from each other the relations of this course 
to some parts of the sympathetic nervous system and to 
other (cerebro- spinal) nerves, and to make it possible to differ- 
entiate clinically between the pathological affections arising 
therefrom. We know, for instance, that the majority of the 
directmotorfibresof the bladder proceed from the spinal "cen- 
trum genito- spin ale superius " and the "centrum inferius " 
through the sacral nerves, others, however, passing throngb 
the sympathetic (hypogastric plexus) to the vesical plexus. 
How is it, then, possible for us to distinguieb diagnostically 
between a paralysis of the sympathetic and one of the spinal 
motor nerves of the bladder, and thus to speak of a sympa- 
thetic paralysis of the bladder, properly so-called ? Bucb ia 
the case also with regard to the intestines, uterus, &c., an 
has been formerly remarked when considering the motor 
innervation of these organs. When Romberg, as in the 
caae of the hyjicrfesthesias and aniesthesias, made a special 
group of the paralyses of the muscles supplied by the sym- 
pathetic tmnks, and included in it paralysis of the nerves of 
the heart, pharynx, and (Esophagus, be was justified in so 
doing by IJie earlier views regarding the motor innervation 
of the parts, and especially by the Bidder-Volkmann theory 
of the independence of the sympathetic system. Now, how- 
ever, such an assumption would but imperfectly correspond 
to the state of physiological knowledge. Though our pre- 
sent information does not enable us to recognise as such the 
sympathetic paralyses and states of spasm in the smooth 
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muscular fibres, and practically to distiaguish between these 
and motor neuroaes of other nerves, there can be no doabt 
as to their theoretical title to recognition, in spite of the 
oft-quoted results of experimental physiology. Even now, 
notwithstanding the above difBculties, we may with certainty 
state that destruction of certain parts of the abdominal 
sympathetic nerve must result in paralysis of the intestine, 
bladder, female genital apparatus, &c. ; that, on the other 
hand, paresis and paralysis of the abdominal organs may 
depend on loss of the conducting power and irritability of 
branches, plexuses, ganglia, and trunks of the sympathetic 
nerve. 

Apart from the neuroses connected with the smooth mua- 
cular fibres and the so-called vegetative organs, many experi- 
ments have been made with the view of claiming for the 
sympathetic an important role in the production of certain 
forms of motor disorder in the striped voluntary muscles. 

We now specially refer to those paralyses occurring in 
connection with certain affections of the abdominal organs 
(the intestines, the urinary and sexual apparatuses) which 
appear to have been known to Willis,* and which were named 
Sympathetic Parali/sis by Whytt f and Prochaska, J and 
Be^iB Paralysie by Romberg, § 

The latter at first started the theory, founded on the 
experiments of Combaire || (who observed paralysis of the 
hinder extremities of animals after extirpation of the 
kidneys), that by decrease or absence of the centipetal c(fnduct- 
ing power in sympathetic nerve trunks a genuine paralysis may 
be brought on in parts supplied by spinal mctor nerves. 
This theory he withdrew in a later edition of his book, aa 
without physiological support. K JElomberg especially in- 
cluded among the paralyses produced in the above way the 

■ Wiltia, in eiptanation of this, draws attention to the anatomical coimQo- 
tion between the eympathetio and the nerves of the eitreraitieB. " Nervj emm 
mesenterii non tantnm cam iateatiais, stomacho, jecorealiiBqae viaceribus aara. 
mnaicont, aed etioni cum lainbomm aliarnmqae partinm nervis, at oonse. 
qnenter oum artnum." (De anima brutomm qns hominis ritalia at aeniitiva 
est; Op. Omn. Genev., 1680.) 

t Whytt, " Obaervationa oi 
which are commonly called r 
bnrgh, 1765. 

t Proohaslta, " lostitntionn 
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aatv/mine and hysterical paralyses. Brown- Siquai'd,* Graves,t 
Stanley,! Ji»ecoud,§ Lewi39oa,|| Lejden,! Peinberg,** have 
givea other explanations of the occurrence of reflex para- 
lysis, the discusaioa of which would be too lengthy for this 
paper. 

We paas over also the doubtful influence of the sympa- 
thetic in certain forms of paralysis and apaauiodic affections of 
the eye (strabismus con verge ns from relaxation of the 
■ external recti muscles, exophthalmos from spasm of the 
obhqui, &c.), which have already been shortly mentioned in 
the physiological part of this essay. A detailed account of 
these also would be out of place, as the theories in question, 
so far as their bearing is of a pathological character, could 
claim attention only in virtue of their historical value. The 
same may be said in general also of the doctrines of Remak, 
who, as we saw, believed that all the voluntary muscles of 
the body were under a tonic influence proceeding from the 
sympathetic, and expressed the opinion that " besides spinal 
paralysis and spasm, we may expect to meet with both sym.pa~ 
thetic paralysis and sympatheUe spasm in the voluntary 
muscles." In these words lie the beginning, and, to a certain 
extent, the programme, of the important part played by the 
sympathetic system for a long time iu the pathology of the 
motor neuroses, especially in the galvano-therapeutics of 
these neuroses. We do not consider it necessary to quote 
here all the motor disorders which, almost without any phy- 
siological ground for so doing, have been gradually brought 
into connection with the sympathetic, both diagnostically 



■ Brown- S^qtiard, " Leclnrea on the liiagaoais and treatmant of the prfnci • 
pal forma of pBralrais of the lower extremitioa." Philadelphia, ISiil, p. 24, 
His reHolts were negatived by those obtained by Gullj " Quy's Hoap. 
Bep.,"Tii., I8(il. 

f Grareg, "Le9ons de cUniqoe m^dicBile,'' tradniteB par Jaoooud, 2 Ed. 
Faria, ISIiS. 

X Slanley, " On initatiaa ot the epiiial oord and its nerreB in oannecdon 
with diaeaae of the kidneya"— " Med, Chir. Tranaactiona," isiii., 1833. 

§ Jaoooud, " Lea paraplegiBB et Tataiie du moavemBnt." Paria, 1864,p. 353, 
Jaooond, following np his "eihaastion" theory, called the reQei paralyaia 
nsuro~paTaiiitii: paralysis. 

{I Iiewiason, " Uher HemmnnK der Thatigkeit der motorisoheu Nervencentra 
dnroh Beizang aensibler Nerven." Kichert a nnd du Boia-Boymond a " Archir," 
1869, p, 265-2G6. 

^ Leyden, " Dber Befinxlahmuagaa," in TolkmaoD's " Sanunlangkliniscber 
Vortiige,' Leipzig, 1870, No. 2. 

•* Feinberg, " Debar Efifloilahmnngon," Berliner klin, Woohenachrift, 1B71, 
i4o. 44-16. 
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and electro-therapeutically. We will mention only a few 
details aa examples : — 

III a commauication on spasm of the facial museles, which 
contains much that relates to this subject, Remak* mentions, 
amongst others, certain cases of facial paralysis in which the 
electric irritability of the muscles and nerve-trunka was 
completely lost. Ha then says — " When the constant 
current is passed through the cervical sympathetic of the 
affected side, even if only for a short time, we observe the 
striking phenomenon that the irritability of the muaclea on 
the same side returns, the tension of the muscles of the 
opposite side relaxes, although the muBcles on the paralysed 
aide do not again come under the control of the will, and the 
irritability of the paralysed nerve-trunk does not increase in 
the slightest degree. It seems to me that here we have a 
physiological secret — namely, the greatest probability that 
the sympathetic exercises a direct or indirect influence over 
the voluntary muscles — a theory which has already received 
support from what I have seen in lead colic and progreaaive 
muacular atrophy, in which the paralysed and atrophied 
muscles gain in bulk, irritability, and power to perform their 
office as soon as the cervical or dorsal part of the sympa- 
thetic, on the same or the opposite side, comes under the 
influence of the current." There is no absolute proof, how- 
ever, that in these casea the cervical or dorsal part of the 
sympathetic was acted on by the current, and the effects of 
the aupposed galvanisation of the sympathetic do not corre- 
spond with the known physiological powers of that nerve, 
nor can any functional analogue be found for them. 

Bemak also mentioned a case of facial spasm which im- 
proved under treatment by galvanism, by placing the 
positive electrode at the level of the fifth cervical trans- 
verse process " on the spot where one might expect to find 
the ganglion medium of the sympathetic nerve." He sup- 
poses that there are two possible ways of explaining this 
fact ; the first is " that the cause of the spasm is situated 
also in that part at which the cure was effected" — i.e., in 
the ganglion cervicale medium ; the second that we have to 
do with an "indirect, catalytic influence,' exercised, in his 
opinion, through a communicating branch between the 
ganglion medium and the ganglion thoracicura superius, 
which accompanies the vertebral artery in the vertebral 
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canal and thus regulates the supply of blood to the base of 
the brain. Besides this form of spasm indirectly connected 
with the sympathetic system there are " genuine sympa- 
thetic facial convulsions — i.e., on the affected aide of the 
face there is a peculiar variety of paralysis associated with 
spasmodic movements occurring in connection with unmis- 
takeable disease of the cervical parts of the sympathetic." 
Proof of the existence of this affection is still wanting. 

In another place Ifemak * states concerning the dependence 
of diphtheric paralysis <m change in the sympathetic, that he 
believes that it is caused by an affection of the ganglion 
cervicale superius, occurring with the diphtheritis. This 
theory of diphtheritic paralysis enabled him to " overcome 
all the paralytic phenomena by galvanisation of the ganglia 
Buperiora of the cervical sympathetic." He is of opinion 
that the tumefactions found by Bretonneau, Maingault, 
Trousseau, &c., in the neighbourhood of the angle of the 
lower jaw did not proceed from the lymphatic or salivary 
glands, but were caused by infiltration of the connective 
tissue, whereby the sympathetic also « as affected— a hypo- 
thesis which is certainly not impossible, but one the truth 
of which still remains to he proved. 

In another paper, written shortly after the last-mentioned, 
Eemakt characterises as a " dental neurose of the heart " a 
condition in which the prominent symptoms were triemug 
and a neurose of the heart {accelerated pulse). In order to 
determine whether it was in the cervical sympathetic or in 
the vagns that the neurose originated, the constant galvanic 
current was tried ; and as the passing of the current through 
a spot situated behind the angle of the lower jaw resulted 
in a fall in the frequency of the pulse, it was concluded that 
the ganglion cervicale superius was the part at fault, Kemak, 
therefore, propounds the theory that the peripheral stimulus, 
when the cerebral activity is unaffected, produces spasm only 
when at the same time a ganglionic part of the sympathetic 
partakes in the irritation. In cases also of the convulsions 
of teething in children, so far as they are not of a meningitic 
origin, he considers it necessary to pay special heed to the 
occurrence of " swellings in the course of the cervical sym- 
pathetic." In these examples, which belong to the latest 
years of Bemak's labours, are many brilliant and suggestive 
conceptions ; they want, however, a physiological and patho- 
logical foundation. We thought it necessary to mention 

• Itemat, "Berl. ilin. WochenBohrift," 1865, No, 13. 

t EeoiBk, " Berl. klin. Wochenschrift," 1865, No. 25. 
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them, as they exercised for a long period a most important 
influence ; even at the present day, especially as regards 
galvano-therapeuties, they meet with extensive approbation. 



We would here shortly discuss the relation stated by 
many authors to exist between the st/mpaihetic system and the 
group of symptoms known as Tabes dorsalis, or progressive 
locomotor ataxy. Dnchenne* has stated that in a number of 
cases of ataxy the cervical sympathetic must be regarded as 
the starting point of the morbid processes. This he infers 
from the frequent occurrence of the well-known oculo- 
pupillary symptoms — contraction of the pupil with increased 
Tascularity and temperature of the eye, sometimes also dila- 
tation of the pupil during the attack of pain, contraction 
and dilatation by turns without vascularity, or unilateral or 
bilateral myosis. 

Uuchenne explains in a somewhat far-fetched way the 
absence of positive post-mortem evidences in the sympa- 
thetic by the existence of degenerative changes in the 
posterior columns. He supposes that the sympathetic is in 
the first place functionally affected — thence the pupillary 
phenomena, increase of heat, &c. ; that this " functional dis- 
turbance " in the sympathetic then exerts a " neuroparalytic 
action " on the posterior columns, thus giving rise to the 
atrophy. t The sudden attacks of pain in the bladder and 
rectum, and the disorders of the genital functions, which 
occur in some cases, are regarded by Duchenne as functional 
disorders originating in the abdominal sympathetic. He 
leaves quite unanswered the important question why we 
should not rather consider the pupillary, vasomotor, and 
nrogenital centra situated in the spinal marrow as the points 
of origin of the functional anomaHes connected with atrophy. 
CarreJ and Friedreich examined some cases of progressive 
locomotor ataxy most carefully, and could discover no trace 
of change in the sympathetic. In one case of grey degener- 
ation of the posterior columns and atrophy of the posterior 
roots, Westphal§ noticed nothing abnormal in the spinal 

• Dnchenne, " Reeherohea cliniqaeB snr I'fitat pathologiqne da grand Sjm. 
patbiqno dana rAtmie Locomotrice ProgreaBive." Gas, Ilebd., 18li4, Nos. 8 
and ID. 

f Daolieiine, " Sitzang der A:^. des ScienooB, vom 18 Jan., 1864. 

j Can'Bf *' Noavellea ReohercheB sat VAtaxie Locomotrice ProgreaaiTe/* 
PariB, 186S. " Goz. des Sfip,." I8tl6,No. 73. 

t Weatpha], " Tirohow'sAroliiT," Baud 39, p. 114. 
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I ganglia ; and in another* caBe he found no change in 

9 fiie cervical part of the sympathetic, or the uppermost 

cervical ganghon, both when examined fresh and after 

being hardened by treatment with turpentine. Vulpian'sf 

researches had the same decidedly negative result ; in very 

» advanced cases of tabes he could demonstrate no patholo- 
gical alteration, either in the trunk of the sympathetic or in 
any of its ganglia. However, if one believes in Duchenne's 
doctrine of "functional disturbance in the sympathetic," 
pathological anatomical proof of lesion of the sympathetic in 
tabea would clearly be auperfluons. BemakjJ in these cases, 
desiynated by him tabes dorsalis in its strictest sense {as 
opposed to tabes basalis, cervicalis, &c.), observed also 
inequalities in the pupils, taking the form of unilateral or 
bilateral dilatation with imperfect reaction when stimu- 
lated hy light. He interprets these phenomena by the 
results of Brown-i^equai'd's and his own experiments, in 
which division of the sympathetic trunk below the upper 
lumbar ganglion, or of the branches of the coaliac plexus (in 
frogs and mammalia), at once brought about a persistent 
dilatation of the pupil on the side operated on. 

I£emak also describes a special form of tabes, tabes sympa- 
thetica (identical with the so-called hysterica! tabes), 
which occurs almost exclusively in the female sex. Prom 
the report§ of one such case, which was also associated 
vrith sympathetic paralysis of the face, we quote only the 
diagnosis: — "^euroganglitis sympathica progressiva sexualiSj 
with consecutive Ischgemia of the spinal cord;" we were 
unable to find in it any further specific information or any- 
thing characteristic of this form of disease. 



The relation of epilepsy to the sympathetic system is still 
very obscure. On the whole the view formerly advanced by 
na appears lately to have gained ground — that many cases, 
especially of so-called peripheral epilepsy, are of an angio- 
neurotic nature, and owe their origin partly to a direct and 
partly to a reflex irritation of vasomotor nerves. 

Benediktjl states "that the epileptic attack is primarily 



I 
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cansed by Budden spaam or relaxation of the vesBels, and 

presents the most complete analogy to neuralgic attacks, 
only that here the irritation affects chiefly vasomotor nerves, 
and BO leads directly or indirectly to anromia or hyperEemia 
of the brain." He also thinks himself justified in assuming 
that the hippocampus major, indicated by Meynert ae the 
part affected in epilepsy, is a vasomotor centre, irritation of 
which, whether from the cerebral hemispheres or by reflex 
influences from the periphery, induces the phenomena of the 
epileptic seizure. 

Nothnagel holds, on the strength of his formerly- cited 
experimenta, that the cervical sympathetic has a certain 
control over the arteries of the pia mater, contraction of 
which is accompanied by contraction of the arteries of the 
brain, which have the same origin ; and he therefore believes 
that the epileptic seizure is the result of the aneemia of the 
brain consequent on the reflex contraction of its vessels. 
According to this theory the sympathetic plays a most im- 
portant part in bringing on the epileptic attack, as most of 
the vasomotor nerves of the pia mater are included either in 
the cervical part of the sympathetic or in the ganglion 
Bupremum. Other investigators (Schultz, Eiegel, Jolly) have 
not, however, confirmed the experimental grounds on which 
this doctrine rests, 

XIV. — Pathological CttAsoEa in the Sympathbtic in some 

iNFECTIOnS AND OTHEE DISEASES. 

In this short additional note we group together some 
observations on changes in the sympathetic, to which no 
reference could be made in the former part of this work. 
These changes, which have hitherto been but slightly 
noticed, have been found chiefly in syphilis and other in- 
fectious diseases, in anomalies of the general nutrition 
(dyscrasias), &c. 

Petrow* was the first who described the changes in the 
sympathetic in constitutional syphihs. In twelve eases in 
which he examined the cervical, thoracic, and solar plexuses, 
he found distinct alteration of the ntrve elements and 
the interstitial connective tissue. In the first were pig- 
mentary and colloid degeneration ; associated with it was an 
affection of the endothelium surrounding the nerve-cells, 
characterised by great increase in the size and proliferation 
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of the endotbelium cells, and by secondary fatty meta- 
morphosis of the same. The chan^'e in the interstitial con- 
nective tissue of the sympatlietic consisted of hyperplasia, 
leading to sclerosis and atrophy of the nerve elements. 

That these lesions of the sympathetic nervous system are 
really the result of syphilis is shown — apart from the fact of 
its occurrence in all the twelve cases examined — by their 
analogy to those pathological forms by which syphilis 
declares itself in other organs. Among these are especially 
the above-mentioned hyperplastic processes in the interstitial 
connective tissue. 

Soon afterwards Pio i"oa* wrote concerning some changes 
he had observed in the sympathetic in various diseases. These 
were found chiefly in the cervical and abdominal ganglia, and 
consisted sometimes of simple or fibrous atrophy, at other 
times of hyperEemia, sclerosis, pigmentary and fatty infiltra- 
tion, amyloid degeneration, accumulation of colourless blood 
corpuscles, and the presence of micrococci in the blood- 
vessels of the ganglia. These alterations are well-marked in 
syphilis, Leukaemia, a high degree of cachexia. Pellagra, 
Tuberculosis, cardiac disorders, and infectious diseases. 
With respect to the affections of the heart, we may shortly 
state that de Qiovannif has lately directed attention to the 
participation of the sympathetic in organic cardiac diseases. 
He found in three cases contraction of the pupil, which he 
regards as the result of a venous stasis in the neighbourhood 
of the cervical sympathetic, which compresses the papillary 
fibres; at the autopsy of one of -these patients pathological 
changes were noticed in the cervical sympathetic. 

In conclusion we would mention two reports by KosterJ on 
the state of the cervical sympathetic in persons who had died 
suddenly from sunstroke. In one case, that of a soldier, the 
ganglion supremum of the right sympathetic was twice the 
size of the left, and was the seat of hEemorrhagic 
effusion; microscopically, the nerve-flbres were seen to 
be separated and disintegrated. There were smaller 
hsemorrhages in the lower, greater hfemorrhages in the 
upper, parts of the right sympathetic, while slight efiusions 
of blood were found in and round both vagi and in the 
s of both phrenic nerves. In the second case, that of 
1 21 years of age, the pathological phenomena were a 

Botogua, IgT4. 
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hemorrhagic infiltration and etjlaxgetnent of both ganglia 
supreina of the cervicJil By in pathetic, while the microscope 
revealed the same appearances as in the other case ; there 
were also ecchymoses as large aa peaa in both vagi. In the 
first case the patient had lived twenty-four hours, having a 
pulse BO rapid that its beats could scarcely be counted; 
there was, however, no acceleration of the respiration. The 
sudden death might be accounted for by the effect of some 
paralysing influence on the vasomotor nervous system. 
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